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DYGABCD - A PROGRAM FOR CALCULATING LINEAR A, B, C, ANDD
MATRICES FROM A NONLINEAR DYNAMIC ENGINE SIMULATION
by Lucille C. Geyser

Lewis Research Center

SUMMARY

A digital computer program, DYGABCD, has been developed that will generate
linearized, dynamic models of simulated turbofan and turbojet engines. DYGABCD is
based on an earlier computer program, DYNGEN, that is capable of calculating simu-
lated nonlinear steady-state and transient performance of one- and two-spool turbojet
engines or two- and three-spool turbofan engines.

Most control design techniques require linear system descriptions. For multiple-
input/multiple-output systems such as turbine engines, state space matrix descriptions
of the system are often desirable. DYGABCD computes the state space matrices,
commonly referred to as the A, B, C, and D matrices, required for a linear system
description. The report discusses the analytical approach and provides a users manual,
FORTRAN listings, and a sample case. NASA TN D-7901, describing DYNGEN, is a
necessary adjunct to this report.

INTRODUCTION

Digital computers are more frequently being used to accurately simulate the steady-
state and transient performance characteristics of turbojet and turbofan engines, These
simulations are capable of modeling these engines over the complete range of power
settings and flight conditions. DYNGEN (ref. 1) is one such engine simulation that is
generalized to permit the user to model many different engine configurations, It is
based on the generalized steady-state engine modeling codes GENENG (ref. 2) and
GENENG II (ref. 3). These codes are based on a technique called SMOTE (refs., 4
and 5).



To accomplish the modeling accuracy being demonstrated by DYNGEN and other
digital computer engine simulation codes, nonlinear steady-state and transient physical
relationships must be included. Most of the analytical design approaches used by con-
trol designers, however, require linear descriptions of the steady-state and transient
characteristics of the engine, Linear approximations to nonlinear systems can be ob-
tained at a particular operating point (a particular equilibrium condition of power setting
and flight condition) for small excursions about that particular point,

For a system as complex as an engine, this linear system description usually con-
sists of a multitude of interdependent linear algebraic and differential equations that
can be written in a compact form by using matrix notation. A widely accepted linear
dynamic system representation (ref. 6) uses a system matrix A, a control matrix B,
an output matrix C, and a feed-forward matrix D. To describe an engine on a linear-
ized basis over its complete operating envelope, however, a whole family of suitably
selected linear approximations would be required.

This report, then, describes DYGABCD, a digital computer program that calcu-
lates the A, B, C, and D matrices for any turbofan or turbojet engine that is capable of
being simulated with the DYNGEN program. DYGABCD can be used (1) exactly as
DYNGEN to generate engine steady-state and transient performance characteristics; or
(2) to generate the linear model A, B, C, and D matrices. The method of calculation
employed in DYGABCD to generate these matrices can easily be used in any transient
simulation that uses a backward difference integration technique (ref. 2).

The report first presents (1) the theoretical or analytical bases for linear model
approximations to nonlinear systems, (2) a definition of the compact matrix formulation,
and (3) a derivation of the equations necessary for determining matrix element values
from the transient simulation, Next presented is a users guide for DYGABCD, including
complete descriptions of those subroutines that have computational techniques different
from DYNGEN. The FORTRAN symbols used are defined in appendix A, complete
listings are shown in appendix B, and a sample case is presented in appendix C,

DYGABCD is written in FORTRAN IV and was used on the IBM 360/67 with the
time-sharing system (TSS), The program should run equally well with the operating
system (OS) on an IBM 360 or 370 series computer,

ANALYTICAL BACKGROUND

The simulation of a complex turbine engine process involves both linear and non-
linear algebraic and differential equations. Multiple equations of this type can generally
be expressed in compact vector notation as



x = £(x, u) 1
y=gxu) (2)

where x is a vector of the time-varying states of the engine, u is a vector of the sys-
tem control inputs to the engine, and y is a vector of the engine's outputs., The vector
X represents the time rate of change of each of the engine's states. The following
table lists some typical states, inputs, and outputs for a turbine engine system:

States Inputs Outputs

Temperatures | Fuel flows | Engine airflows
Pressures Nozzle area | Thrust

Speeds Bleeds Specific fuel consumption

Fan surge margin

Compressor surge margin

Since most control design techniques require a linear description of the-process to
be controlled, a linear approximation to the nonlinear system needs to be developed.
At a particular operating point, equations (1) and (2) can be represented by a Taylor
series expansion about that point. If the vectors x and u are assumed to be single
elements (i. e., scalars), equation (1) may be written as follows:

%, = £(xg, ug) (3)

The Taylor series expansion about the point (%gs Up) is
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If(x= Xp, U= uO) is a steady-state operating point, the system is in equilibrium and
hence x0 =0, Thus, by using equations (1) and (3), equation (4) can be rewritten as
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+ Other higher order terms (5)

where op denotes operating point.

In a suitable neighborhood of the steady-state operating point (g uy),s the higher
order terms of equation (4) are negligible, and equation (1) can be approximated by
using only the first partial derivative terms, By letting Ax=x- Xp,» Au=u-u,, and
AX =X - 5(0, equation (5) becomes the linear equation

Ax=2Z| Ax+2%| Au (6)

oxX op ou op

Equation (2) may be linearized in similar fashion for the output y, resulting in

AX + oy
op ou

Au (7)
op

ox
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Definitions of A, B, C, and D Matrices

An actual system with a multitude of states, inputs, and outputs, when linearized
about an operating point, can be described by the following linear vector-matrix equa~
tions:

Ax = A Ax + B Au (8)
Ay=CAx +DAu 9)

where

Ax n-dimensioned vector of state deviations
Au  c-dimensioned vector of system control input deviations

Ay o-dimensioned vector of system output deviations

A n- by n-dimensioned state system matrix
B n- by c-dimensioned control input matrix
C o- by n-dimensioned output matrix

D o- by c-dimensioned feed-forward matrix
n number of states

c number of control inputs

o number of outputs

The system matrix A is a matrix of numbers that are the values of particular
partial derivatives at a specific operating point. When the partial derivative notation
of equations (6) and (7) is used, equations (10) to (13) show the elemental arrangements
of the matrices A, B, C, and D.
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Solutions for Full Forms of A, B, C, and D Matrices

It is our intent to take a DYNGEN digital computer simulation with its nonlinear
dynamic equations and to develop a method for extracting from it the elements of the A,
B, C, and D matrices at particular engine operating points,

Because of the backward finite-difference integration technique required by DYNGEN
(SMOTE technique), it is necessary to calculate the inverse of the state system matrix
A, To accomplish this, equation (8) can be rewritten as

Ax=A"1ax- A"1B AU (14)

To solve for A~ 1, all system control input deviations Au from the operating point are

set to zero. Thus,
Ax= A1 Ax (15)

Each element of A”1 is then approximated as

AX,

(A“ 1)-- ~ 1 (16)
1 AX,
j

where the state derivatives 5{]. are perturbed, one at a time, as described in the follow-
ing paragraph,

A steady-state vector of the states x is calculated. The state derivatives x at
this steady-state point are therefore zero. The first x is set to some suitable value,
Ax, with the rest of the x's held to zero, A new state vector x* is calculated. The
difference between x* and x is the vector Ax associated with this first AX, Each of
the other X's is then set to some suitable value, Ax, one at a time, with all other x's
set to zero each time. A new vector x* and a new vector Ax are calculated for each
Ax, A matrix of these Ax column vectors is formed. Each column vector is divided
by the Ax that produced it, thereby forming the A1 matrix referred to in equation
(16). The A™1 matrix is then inverted to obtain the A matrix,

Solve for the control matrix B as follows: Under equilibrium conditions, x =0,

equation (8) becomes

Ax=-A"1B Au (17)



Each element of -A”!B is then approximated as

-1 AX.
-A""B);; ~—1 (18)

Au.
J

where the system control inputs uJ. are perturbed, one at a time, as described in the
following paragraph.

A steady-state vector of the states x is calculated. The first system control in-
put u is changed by some suitable value Au with the remainder of the u's held to
their steady-state values. A new state vector x* is calculated. The difference be-
tween x* and x is the vector Ax associated with this first Au. Each of the other
u's is then perturbed by some suitable Au, one at a time, with all other u's remaining
constant each time. A new vector x* and a new vector Ax are calculated for each
Au. A matrix of these Ax column vectors is then formed. Each column vector is
divided by the Au that produced it, thereby forming the -A"1B matrix approximated
by equation (18). This matrix is then premultiplied by - A to obtain the B matrix.

To solve for the output matrix C, substitute the equation for Ax (eq. (14)) in the
equation for Ay (ed. (9)), yielding

Ay=CA 1l ax- cA™lBAu+DAu (19)

When the system control inputs are held fixed, equation (19) becomes

Ay = cA™l ax (20)

Each element of CA™! is then approximated as

Ay,

(CA_ 1) oL (21)
I Ax,
j

where the state derivatives {{j are perturbed one at a time, as was done in obtaining
AL

A steady-state output vector y is calculated. The state derivatives x at this
steady-state point are therefore zero. The first x is set to some suitable value, AX,
with the rest of the %x's held to zero. A new output vector y* is calculated. The dif-
ference between y* and y is the vector Ay associated with this first Ax, Each of
the other x's is then set to some suitable value Ax, one at a time, with all other x's

9



set to zero each time, A new vector y* and a new vector Ay are calculated for each
AX. A matrix of these Ay column vectors is then formed. Each column vector is
divided by the Ax that produced it, thereby forming the cA™l matrix approximated by
equation (21). This matrix is then postmultiplied by A to obtain the C matrix,

Solving equation (9) for the feed-forward matrix D yields the approximation

Ayi Axi
D, ¥ —- C— (22)
J Auj Auj

where the system control inputs u:i are perturbed, one at a time, as described in the

following paragraph.
Two steady-state vectors, x (the state vector) and y (the output vector), are cal-

culated. The first system control input u is changed by some suitable value Au, with
the remainder of the u's held to their steady-state value. A new state vector x* is
calculated, And a new output vector y* is calculated. The difference between x* and
x 1is the vector Ax associated with this first Au. The difference between y* and y
is the vector Ay associated with this first Au. Each of the other u's is then per-
turbed by some suitable value Au, one at a time, with all other u's remaining constant
each time, A new vector x* and a new vector Ax are calculated for each Au. A new
vector y* and a new vector Ay are also calculated for each Au. A matrix of the Ax
column vectors is then formed, and each column vector is divided by the Au that pro-
duced it. A matrix of the Ay column vectors is also formed, and each column vector
is again divided by the Au that produced it, By substituting these two matrices in
equation (22), we can solve for D,

Solutions for Reduced Forms of A, B, C, and D Matrices

Once the complete linear model of the dynamic system is obtained, it may be de-
sirable, for certain reasons, to reduce the complexity of the linear description. For
example, the eigenvalues of the full system either may be beyond the frequency range of
interest or may have little overall effect on the system dynamic characteristics. This
reduction can be done by several methods.

By the method of Weinberg and Adams (ref. 7), equation (14) is rewritten in

partitioned form as

10
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21 1 Ay (23)

Axl r-dimensioned part of state deviation vector

AXy (n-r)-dimensioned part of state deviation vector

Au c-dimensioned system control input deviation vector
All r- by r-dimensioned upper left partition of AL matrix
A12 r- by (n-r)-dimensioned upper right partition of A™1 matrix

A21 (n~r)~ by r-dimensioned lower left partition of AL matrix

f&zz (n-1)- by (n-r)-dimensioned lower right partition of A"l matrix
B, r- by c-dimensioned part of control input matrix

B2 (n-r)- by c-dimensioned part of control input matrix

n total number of states

T number of states desired

c number of control inputs

Before calculating the partitioned A matrix, permute the order of the Ax's and the
corresponding AX's, so that the Ax's to be retained are all included in Ax,. Those
remaining make up the elements of AXy. The elements of Ax, are assumed to be
negligible in determining the system transient response. Hence, setting Af{z =0 in
equation (23) yields

Ax, = A A% - (AllBl + Alsz) Au (24)
Solving for Af(l gives
A%y = (Au)-l Axy + (‘;‘11>_1 (‘&1131 + A1232> Au (25)
or
A%; = Ap Ax, + B Au (26)

11



where
A, =(A, )1 (27)
R 11

and

_(z \-1(a -
Bg = <A11> (AllBl + A1232> (28)

Note that it is necessary to compute only the upper left quadrant of the AL matrix
(the T-by-r A,,) and then to invert it to obtain Ap. The quantity A;;B, +A,B,
consists of the first r rows of the A~ 1B matrix from equation (18). Thus, only the
first r rows of -A~1B need to be calculated. These rows are then premultiplied by —AR
to obtain Bp.

In solving for a reduced C matrix and the D matrix used with the reduced A, B, and
C matrices, there is no simple discarding of rows and columns. Starting with equa-
tion (28), if A)'(Z is zero, then

AXy = A21 Axl - <A21B1 + A22B2) Au (29)
Substituting equations (25) and (27) into equation (29) yields
Axy = A A, Ax, + (A ALA., - A22>B2 Au (30)

21'R™71 21"R712

The partitioned form of equation (9) is

Axl
Ay =|C |c — L1 +DAu (31)
1 2
sz
where
Ay o-dimensioned output deviation vector
Axl r-dimensioned part of state deviation vector

Axy (n-r)-dimensioned part of state deviation vector
Au c-dimensioned system control input deviation vector

o- by r-dimensioned part of output matrix

12
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C o- by (n-r)-dimensioned part of output matrix

2
D o~ by c-dimensioned feed-forward matrix

Equation (31) yields

Ay = C; Ax| +Cy AX, + D Au (32)

Using equation (30) to eliminate Ax, gives

Ay =C; Ax| +Cyh, Ap Ax) + [Cz(AzlARAlz - Azz> B, + D] Au (33)
or
Ay =Cq Ax; + Dp Au (34)
where
CpR=C; + CZAZIAR (35)
and
Dg =Cy <A21ARA12 - Azz) By, +D (36)

USERS GUIDE

Changes to DYNGEN

The IBM 360/67 computer with TSS was chosen because of the storage size of the
DYGABCD program. Certain changes have been made in the conversion of DYNGEN to
DYGABCD for accuracy and speed of calculation. All real variables are now double
precision. Each convergence loop now uses a convergence criterion of TOLALL
multiplied by some constant, where TOLALL is input in the namelist data as before.
Although the number of passes through some loops has been increased, the relationships
among the loops have been kept constant, so that the accuracy of the convergence criteria
can be increased. All BLLOCK DATA subroutines are combined into one subroutine with
the named common COMMON/COMDAT/COMD(5423). All program variables are com-

13



bined into one named common COMMON/COMALL/COM(1062). Within each subroutine,
only those variables actually referenced are equivalenced to either COMD and/or COM,
with one exception. In the main routine DYGABCD, each variable referenced anywhere
in the program is equivalenced, so that all may be seen at a glance.

The DYGABCD program provides a maximum of 23 possible derivative variables
for use in calculating the A and C matrices. The specific number of possible variables
for any particular engine depends on the configuration of that engine, In calculating the
B matrix, only two control variables are used., More parameters could be chosen, In
calculating the C matrix, any variables calculated in the program, including the states
and/or inputs, may be used. Variables that are both states and outputs are used in cal-
culating the D matrix,

Minor changes have been made in the main routine DY GABCD and the subroutines
ENGBAL and PUTIN (underlined in the listings) to accommodate the addition of the A,

B, C, and D matrix calculations. An addition has been made to function DERIV to allow
either the original calculations of DYNGEN or the calculations necessary for the A
and/or C matrices to be performed. Since DISTRB was already a user-written subroutin
in DYNGEN, the bulk of the A, B, C, and D matrix calculations are done in it.

Method

DYGABCD may be run exactly as DYNGEN if DYNGEN data are used., It may also
be used to generate the A, B, C, and D matrices when it is used with a different set of
data and a new subroutine DISTRB that is modified by the user. To use the A, B, C,
and D matrix capability, the foilowing tasks must be performed:

(1) A steady-state point is run and the resulting main fuel flow noted. This is the
steady- state point about which the small perturbations (generating A, B, C, and D) will
be made, When the A, B, C, and D matrices are generated, they will define a linear
model that is applicable in the region of this steady-state point.

(2) A new run is made with the addition of one data card that includes the following
parameters: MODE=2 WFB-=(the steady-state value noted previously in task 1),
ITRAN=1, and IAMTRX=1.

IAMTRX is a new variable that is input as 1 if the A, B, C, and D matrices are to
be calculated. The default value is 0, which is the value when DYGABCD is used as
DYNGEN, X IAMTRX is 1, the program runs a ''pseudo-transient'' to calculate the A
and C matrices, a set of steady-state points to calculate the B matrix, and a set of
steady-state points plus the C matrix to calculate the D matrix,

The term '"pseudo-transient'! is used to describe the following procedure: since
ITRAN = 1 on the data card in task 2, the program runs in the transient mode. How-
ever, during every time step, when the time index, NSTEP, is increased by 1 in sub-

14



routine ENGINE, it is promptly decreased by 1 back to 0 by the next statement, if
IAMTRX is 1. This ''fool the program'' pseudo-transient is necessary to calculate the
A and C matrices in subroutine DISTRB. dJust before calculating the B and D matrices,
which depend on a set of steady-state points, DISTRB sets ITRAN to 0.

Changes to Subroutine DISTRB

DATA statements and program statements in subroutine DISTRB control the cal-
culations of the A, B, C, and D matrices. DYGABCD provides a maximum of 23 pos-
sible time-varying state variables. These variables and their original order are as
follows:

List number | Variable name
1 XNHP
2 XNIP
3 XNLP
4 P22
5 U22
6 P21
7 U21
8 P3
9 U3

10 P4
11 U4
12 P50
13 U550
14 P5
15 Ub
16 P55
17 Us5
18 P17
19 u7
20 P24
21 U24
22 P37
23 u37

The DATA statements and program statements include parameters that describe the
particular case the user wishes to run.

15



INV total number of states possible for particular engine being modeled, less
than or equal to 23

INVRED  total number of states actually used in model (full or reduced), less than or

equal to INV

IVARB order in which states are to be done (¥ this is a reduced model, the states
to be included are listed before those not included. )

INB number of system control inputs desired, less than or equal to 5

BPER percent (BPER=. 02 means 2 percent) (The steady-state value of each input

will be multiplied by this percent to form the Au of each input in order to
calculate the B and D matrices.)

INC number of outputs desired, less than or equal to 50

NUCOM list of equivalenced '*COM'' numbers of outputs desired (All of the equiva-
lences are in the main routine DYGABCD,)

PVRDOT vector of percents (PVRDOT=. 02 means 2 percent) in list number order
(The steady-state value of each state will be multiplied by the percent
associated with that state to form the Ax for that particular state in order

to calculate the A and C matrices.)

There is one other necessary parameter that is set by a program statement -
ICHOIC. If ICHOIC is 0, subroutine DISTRB calculates the A and C matrices by using
the percentages of the states as set by the initial conditions of the PVRDOT's, If
ICHOIC is set to 1, the percentages will be calculated and reset by the program to form
an A~1 matrix with no zero columns or rows. A run with ICHOIC set to 1 should al-
ways be made first to find values for the PVRDOT's that do not result in an AL matrix
containing any zero columns or rows. Obviously, an A1 matrix that has zero columns
or rows cannot be inverted.

Subroutine DISTRB is programmed to use inputs WFB (main fuel flow) and A8
(nozzle area). However, more and/or other inputs could be used. The number of inputs
is limited to 5, but that limit could be changed by the user.,

A line-by-line study of subroutine DISTRB should be made before attempting to
make any runs other than the sample case, Subroutine DISTRB includes many comment
cards that can be helpful. The listing starts on page 98.

Changes to Function DERIV

Function DERIV has been changed so that, if IAMTRX=1, a different set of state-
ments is used, These statements set all derivatives to zero except for the particular

16
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state being used. The derivative of that state is set to its steady-state value multi-
plied by the PVRDOT of that state. I IAMTRX=0, function DERIV behaves in the same
manner as it did in DYNGEN,

Changes to Subroutine PUTIN

Subroutine PUTIN has been changed so that it will accept one more variable in the
namelist DATAIN, This variable is JAMTRX, which is defaulted fo zero if DYGABCD
is to be used as DYNGEN and is set to 1 if DYGABCD is to be used to generate the A,
B, C, and D matrices,

Changes to Subroutine ENGBAL

Two changes have been made to subroutine ENGBAL., One change resets the time
index if IAMTRX=1. This has been explained in the section Method. The other change
causes subroutines DISTRB and COINLT to be called during the steady-state calcula-
tions for the B and D matrices if IAMTRX=1, If IAMTRX=0, subroutine ENGBAL be-
haves in the same manner as it did in DYN GEN,

Changes to Main Routine DYGABCD

The routine DY GABCD sets the default value of IAMTRX to zero and initializes the
parameter IDOT to zero, IDOT is used internally in subroutine DISTRB to keep a
record on the states being used to generate the A and C matrices and later to keep a
record on the inputs used in the calculations for the B and D matrices,

SAMPLE CASE

The sample case is a two-spool, two-stream engine simulation that has a maximum
of 16 states. The system control inputs used were WFB (main fuel flow) and A8 (nozzle
area). The outputs specified were SFC (specific fuel consumption), FG (gross thrust),
and FN (net thrust).

A steady-state point was run and the main fuel flow was noted to be 2,75 lbm/sec.
The data card for the A, B, C, and D matrix calculations was inserted. In subroutine
DISTRB, the following parameters were set in DATA statements: the number of states
possible for this engine (16), in INV; the number of states for a reduced model (9),
in INVRED; the order of states, in IVARB; the number of system control inputs (2), in

17



INB; the percent delta of the inputs for the calculation of the B and D matrices (0. 01),
in BPER; the number of outputs (3), in INC; and the list of the equivalenced ""COM"
numbers of the outputs, in NUCOM, Subroutine statements were as follows: ICHOIC
was set to 1 so that subroutine DISTRB would calculate the PVYRDOT's. These PVRDOT's
were all initialized to 0.02, The A, B, C, and D matrices generated were used to form
a linear model. .

Two transient runs were made using DYGABCD as DYNGEN. The first run had a
3-percent step change in main fuel flow, and the other had a 3-percent step change in
nozzle area., The results from these two full-state, nonlinear transients were the time
histories of the states, inputs, and outputs., These nonlinear results (squares on the
graphs) were then used as the standard against which the results from the various runs
using the linear model (circles on the graphs) were plotted.

Since one of the state eigenvalues was extremely large, 15th order (instead of 16th)
was the largest order linear model that could be used to generate time responses. A
run was made using the 15th-order (full) linear model with a 3-percent step change in
main fuel flow, Another run was made using a second-order (reduced) linear model
with the same step change. These two runs were then repeated with a 3-percent step
change in nozzle area,

The responses of the states and outputs from these four linear cases are compared
with the responses from the nonlinear cases in figures 1 to 19. The results of the full-
order linear runs and the nonlinear runs for the two step inputs are shown in the upper
quadrants of each figure. The agreement is very good. The reduced (low order) linear
runs and the nonlinear runs for the two step inputs are shown in the lower quadrants of
each figure. Here, there is disagreement, especially in the first 0. 1 second of the
transient, because those parameters that cause the high-frequency dynamics are miss-
ing.

The FORTRAN symbols used are defined in appendix A, The program is listed in
appendix B, Sample case input data and output are listed in appendix C.

CONCLUSIONS

DYGABCD is a computer program that produces the A, B, C, and D matrices from
a nonlinear, generalized, transient engine simulation, These matrices are used to
generate a linear model. The results from the nonlinear simulations and the full-order
linear simulations show good agreement., This method also permits reduced-order
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models to be formed that produce varying degrees of agreement. The method of cal-

culating these matrices could be applied to many other dynamic engine simulations.

Lewis Research Center,
National Aeronautics and Space Administration,

Cleveland, Ohio, April 21, 1978,
505-05.
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APPENDIX A

FORTRAN SYMBOLS

An asterisk denotes that cthe variable carn be input.

A24
A25

* A28

A28SAV

A29

A295AV

* A38

A39
A55

* A6

A7

* AS

ABSAV

AS

ASSAV

* AFTFAN

* ALTP

20

cross-sectional area at station 24, m2 (ft?)
cross-sectional area at station 25, m2 (ft2)

area of fan duct nozzle throat, station 26,
m2 (ft2)

saved area of fan duct nozzle throat,
station 28, at design conditions, m2 (ft2)

cross-sactional area at station 29, m2 (£ft2)

saved cross-sectional area at station 29 at
design conditions, m2 (ft2)

area of wing duct nozzle throat, statiosn 38,
m2 (fte2)

cross-sectional area at station 39, m2 (ft2)
cross-sectional area at station 55, m2 (ft2)

cross-sectional area of afterburner entrance,
station 6, calculated from AME, m2 (f£t2)

cross-sectional area at station 7, m2 (ft?)

area of main nozzle throat, station 8, (can be
changed at off-design), m2 (ft2)

saved area of main nozzle throat, station 8, at
design conditions, m2 (ft2)

cross-sectional area at =station 9, m2 (ft2)

saved cross-sectional area at station 9 at
design conditions, m2 (ft?2)

(logical) control for an aft-fan enginz

altitude of aircraft, m (£ft%)



AN

AM23

AM25
AM28
AM29
AM38
AM39
AM55

A M6

AM6DSY

AM7
A M8
ANS
BLC
BLDUO

BLF

BLHP

BLI

BLIP

BLLP

Mach number of aircraft

Input: design Mach number of ductburner
entrance, station 23

Dutput: Mach number at station 23

Mach number at station 25

Mach number at station 28

Mach number at station 29

Mach number at station 38

Mach number at station 39

Input: design Mach number at low-pressure-
turbine exit, station 55

Output: Mach number at station £S5

Input: design Mach number at afterburner
entrance, station 6

Output: Mach number at station 6

saved Mach number at afterhurner entrance at
design conditions, station 6

Mach number at station 7

Mach number at station 8

Mach number at station 9

bleed flow Du* of compressor, kg/s=2c (lbm/sec)
bieed flow into fan duct, kg/sec (lba/sec)

bleed f£low out of fan (dumped overhoarid), kg/sec
(1bm/sec)

bleed flow into high-pressure turbine, kg/sec
{Lbm/sec)

airflow int> third stream, kg/sz=c (lbm/sec)

bleed flow into intermadiate-pra2ssurs :turbine,
kg/sec (lbm/sec)

bleed flow into low-pressure turbin2, kg/sec
{lbm/sec)
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22

BLOB

BPRINT

BYPASS

CNC
CNF
CNHP

CNHPCF

CNHPDS
CNI

CNIP

CNIPCF

CNIPDS

CNLFP

CNLPCF

CNLPDS
CS
CVDNOZ
CVDWNG
CVMNOZ
DELFG

DELFN

bleed flow lost overboard (customer bleed),
kg/sec (lbm/sec)

ratio of airflow into wing duct to airflow into
core

ratio of airflow into fan duct to airflow into
intermediate compressor

correcied shaft speed of core compressor
corrected shaft speed of fan compressor
corrected shaft speed of high-pressure turbine

correction factor of high-pressure-turbine
corrected speed

design corrected speed of high-pra2ssurs turbine
corrected shaft speed of intermediate compressor

corrected shaft speed of intermediite-pressure
turbine

correction factor of intermediate-pressure-
turbine corrected speed

design corrected speed of intermediate-pressure
turbine

corrected shaft spead of low-pressure turbine

correction factor of low-pressure turbine
corrected speed

design corrected speed of low-pressure turbine
ambient spead of sound, m/sec (ft/zec)
velocity coefficient of duct nozzle thrust
velocity coefficient of wing nozzlz thrust
velocity coefficient of core nozzl2 thrust
qross-thrust delta degradation multiplier

net-thrust da2lta degradation multiplier



T memEs

DELSFC

DELT1

DHHPCF

DHIPCF

DHLPCF

DHTC

DHTCHP

DHTCIP

DHTCLP

DHTF

DHTI

DPAFDS

DPAFT

DPCODS

DPCON

DPDUC

DPDUDS

DPHGDS

DPWING

DT

DTPRNT

specific-fuel-consumption delta degyradation
multiplier

correction to standard-day temparature, K (OR)
A enthalpy correction factor of
high-pressure turbine

A enthalpy correction factor of
intermediate-pressure turbine

A enthalpy correction factor of
low-pressure turbine

work done by high-pressure turbins, J/kg
{Btu/lbm)

enthalpy change of high-pressure turbine,
temperature corrected, J/kg-K (Btu/lbm-03%)

enthalpy change of intermediate-pressure turbine,
temperature corrected, J/kg-K (Btu/lbm-0R)

enthalpy change of low-pressure turbine,
temperatur2 corrected, J/kg-K (Btu/lbm-0OR)

work done by low-pressure turbine, J/kg (Btu/lbm)

work dome by intermediate-pressurz2 turbine, J/kg
(Btu/lbm)

design pressure drop (AP/P) of afterburmner
pressure drop (AP/P) of afterburner

design pressure drop (AP/P) of combustor
pressure drop (AP/P) of combustor

pressure drap (AP/P) of fan duct

design pressure drop (AP/P) of fan duct
design pressure drop (AP/P) of wing duct
pressure drop (AP/P) of wing duct

solution time step for transient, sec

time step for output listings, sec

23



PUMD1(15)dummy variables

¥ DUMSPL

ERRER

* ETAA
* ETAADS

ETAASYV

ETAB
ETABCF
* ETABDS
ETAC
ETACCE
* ETACDS
* ETAD
ETAF
ETAFCF
¥ ETAFDS
ETAI

ETAICF

* ETAIDS

* ETAR

ZTATHP

ETATIP

ETATLP

24

(logical) control for spool that does not change
temperature or pressure of air

{logical) test of exceeding ITFYS

efficiency of afterburner
design efficiency of afterburner

saved efficiency of afterburner at design
conditions

efficiency of combustor

correction factor of combustor effiéiency
design efficiency of combustor

adiabatic efficiency of core compra2ssor
correction factor of core-compressor efficiency
design adiabatic efficiency of corz compressor
efficiency of ductburner

adiabatic efficiency of fan compr2ssor
correction factor of fan- compressor efficiency
design adiabatic efficiency of fan compressor
adiabatic efficiancy of intermadiate compressor

correction factor of intermediate-compressocr
efficiency

design adiabatic efficiency of intermediate
compressor

pressure recovery of inlet (ram recovery),
P2/P1

adiabatic efficiency of high-prassure turhine

adiabatic efficiency of i1ntermediate-pressure
turbine

adiabatic efficiency of low-pressura turbine



ETHPCF correction factor of high-pressure- turbine
efficiency

ETHPDS design adiabatic efficiency of high-pressure
turbine

ETIPCPF correction factor of intermediate- pressure-
turbine efficiency

£TIPDS design adiabatic efficiency of
intermediate-pressure turbine

ETLPCF correction factor of low-pressure-turbine
efficiency

ETLPDS design adiabatic efficiency of low-pressure

turbine

FAN (logical) control that indicates fan or turbojet
FAR28 fuel-to-air ratio at station 24

PARY fuel-to-air ratio at station 4

FARS fuel-to-air ratio at station 5

FARSO fuel-to-air ratio at station 50

FARSS fuel-to-air ratio at station 55

FAR7 fuel-to-air ratio at station 7

FAR7SV saved fuel-to-air ratio at station 7 at design
conditions

FCOVFN ratio of core thrust to net thrust

FFOVFN ratio of fan thrust to net thrust

FG gross thrust, N (lbf)
FGM momentum thirust of all but wing, N (1bf)
FGMD fan duct momentum thrust of all but wing, N (lbf)
FGMM core nozzle momentum thrust of all but wing,
N (1bf)

FGMWNG romentum thrust of wing, N (1bf)



26

FGP
FGPD

FGPH

FPGPWNG
F MXOFN

FN

FNMAIN
FNOVFD
FNWING
FRD
FWOVFN
FXPN2M
FXM2CP
H1

H2

H21
H22
H23
H24
H25
H28
H29

H3

H38

H39

pressure thrust of all but wing, N (1bf)
fan duct pressure thrust of all but wing, N (1lbf)

core nozzle pressure thrust of all but wing,
N (1bf)

pressure thrust of wing, N (1bf)
ratio of fan plas core thrust to net thrust

net thrust, N (1bf)

net thrust of all but wing, N (1bfy
ratio of net thrust to design-point net thrust

pet thrust of wing, N (1bf)

ram drag, N (lbf)

ratio of net wing thrust to net thrust

(logical) control for boosted fan

(logical) control for supercharged compressor

enthalpy at station 1, J/kg {(Btu/lbnm)

enthalpy at station 2, J/kg (Btu/lbm)

21, (Btu/lbn)

J/kg
Jd/kg
J/kg

J/kg

enthalpy at station

enthalpy at station 22, {Btu/lbm)

enthalpy at station 23, {Btu/1bm)

enthalpy at station 24, (Btu/lbm)

enthalpy at station 25, J/kg {(Btu/lbm)

28, J/kg (Btu/lbm)
J/kg

3, J/kg (Btu/lbm)

enthalpy at station

enthalpy at station 29, {Btu/lbm)

enthalpy at station

enthalpy at station 38, J/kg (Btu/lbm)

enthalpy at station 39, J/kg (Btu/lbm)



HY4
HS5
H50
H55
H6
H7
H8

H9

HPEXT

TAFTEN

IAMTP

IAMTRX

ICOAFB
ICODUC
ICONMIX

IDBURN

IDCD

IDES

IDUMP

IGASHNX

IMCD

enthalpy
enthalpy
enthalpy
enthalpy
enthalpy
enthalpy
enthalpy

enthalpy

power extracted,

index for afterburning desired;
automatically;

index for ram or inlet operation desired;

of 0 to

index

are to

index of
index of

index of

index

at
at

at

at
at
at

at

5

station 4, J/kg (Btu/lbm)

station

5, J/kg

(Btu/lbm)

station 50, Jd/kg (Btu/lbnm)

station
station
station
station

station

55, J/kg (Btu/lbm)

6, J/kg
7, d/kg
8, J/kg

9, J/kg

W (hp)

values of 0, 1,

that indicates if A,B,C,

be calculated

error
error
error

for duct
automatically;

burning desired;
values of 0,

{Btu/1lbm)
{Btu/lbm)
(Btu/lbm)

(Btu/lbm)

zeroes
or 2

values

and D matrices

in subroutine COAFBN
in subroutine CODUCT

in subroutine COMIX

zeroes

1, or 2

duct nozzle convergent-divergent when value=1;
convergent when value=0

index for
must be

index for
1, or 2

index for

values of -1,

design point; zeroes automatically;
set to 1 to design engin2

dumping of error matrix;

values of 0,

mixed or no-mixed flow turbofans;

0,

1,

or 2

main nozzle convergent-divergent when value=1;
convergent when value=0



* INIT

* ISPOOL

* TITRAN

* TIRYS

JTRAN

LOOPER

* MODE

* NOZFLT

P1
* p2

P21
p22
P23
p2u
P25
p28

P29

P37
p3g
P35

P4

28

index for initializing guesses; zeroes
automatically; 0 calls GUESS, 1 does not

number of engine rotors
index for initiating transient

maximum number of iterations allowed through
engine counter

index that indicates a transient is in progress
number of loops through engine counter

independent variable designator for engine
operation

index for floating main or duct nozzle; zeroes
automatically; values of 0 to 3

standard prasssure, N/m? (atm)
total pressure at station 2, N/m2 (atm)
total pressure at station 21, N/mZ (atm)

total pressure at station 22, N/m2? (atm)

total pressure at station 23, N/m2 (atm)

total pressure at station 24, N/m?2 (atm)
total pressure at station 25, N/m2 (atm)
total pressure at station 28, N/mZ (atm)
total pressure at station 29, N/m2 (atm)
total pressure at station 3, N/m2 (atm)

total pressure at station 37, N/m2 (atm)
total pressure at station 38, N/m2? (atm)

total pressure at station 39, N/m2? (atm)

total pressure at station 4, N/m2 (atm)

total pressure at station 5, N/m2 (atm)



[N

P50
P55
Pé

P6DSAV

P7
E8
P9

PCBLC

PCBLDU

PCBLF

‘PCBLHP

PCBLI

PCBLID

PCBLIP

PCBLLP

PCBLOB

PCNC

PCNCDS

PCNCGU

total pressure at station 50, N/m2 (atm)
total pressure at station 55, N/m2 (atm)
total pressure at station 6, N/m2 (atm)

saved total pressure at station 6 at dssign
conditions, N/m2 (atm)

total pressure at station 7, N/m2 (atm)
total pressure at station 8, N/m2 (atm)
total pressure at station 9, N/m2 (atm)

ratio of compressor bleed to cool turbines to
total compressor airflow

ratio of compressor bleed leaked into fan duct to
total compressor bleed flow

ratio of ble=d from fan compressor to fan airflow
dumped overboard (i.e., leakage)

fraction of PCBLC used in high-pressure turbine
for cooling

fraction of intermediate compressor air that
goes into third strean

ratio of design value of air into wing to air
into core; zero for two-stream engine

fraction of PCBLC used in intermediate-pressura
turbine for cooling

fraction of PCBLC used in low-pressure turbine
for cooling

fraction of bleed air out of compressor lost
overboard (for customer use)

shaft speed of core compressor as 31 percent of
design

design corrected speed of core compressor as a
percent of design

guessed shaft speed of core compressor as a
percent of design
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* PCNF

* PCNFDS

PCNFGU

* PCNI

* PCNIDS

PCNIGU

* PMIHP

* PMITIP

* PRCDS

PRF

PRFCF

* PRFDS

PRI

PRICF

* PRIDS

pPs28

PsS29
30

shatt speed of fan compressor as a pesrcent of
design

design corrected speed of fan compressor as a
percent of design

guessed shaft speed of fan compressor as a
percent of design

shaft speed of intermediate compressor as a
percent of design

design corracted speed of intermediate compressor
as a percent of design

guessed shaft speed of intermediate compressor
as a percgnt of design

polar moment of inertia of high-pr2ssure rotor,
kg-m2 (slug-£ft?2)

polar moment of inertia of intermediate-pressure
rotor, kg-m2 (slug-£ft2)

polar moment of inertia c¢f low-prsssurs rotor,
kg-m2 (slug-£ft2)

pressure ratio of core compressor

correction factor of core—compressor
pressure ratio

design pressure ratio of core compressor
pressure ratio of fan compressor

correction factor of fan-compressor
pressure ratio

design pressure ratio of fan compressor
pressure ratio of intermediate compressor

correction factor of intermediate-compressor
pressure ratio

design pressure ratio of intermediate compressor
static pressurs at station 28, N¥/m2 (atm)

static pressure at staticn 29, N/m2 (atm)



Ps38
PsS39

PS55

PS6
Ps7?
PS8
PSS9

S1

521
S22

523

S24
S25
528
S29
S3
S4
55

S50

S€
s7
s8

sS9

static pressure at station 38,

static pressure at station 39, N/m2

Input:

Qutput:

static pressure
static pressure
static pressure

static pressure

entropy
entropy
entropy
entropy

entropy

entropy
entropy
entropy
entropy
entropy
entropy
entropy
entropy
entropy
entropy
entroypy
entropy

entropy

N/mZ (atm)

(atm)

static pressure at low-pressure-turbine

exit,

at

at

at

at

at

at

at

at

at

at

at

at

at

at

at

at

at

at

at
at
at
at
station
station
station
station

station

station
station
station
station
station

siation

station ©

station
station
station
station
station

station

station 55,
static pressure at station 55,

station 6,

station 7,

station 8,

station 9,

1,
2,
21,
22,

23,

24,
25,
28,
29,
3,
4,
Sy
50,
55,
6,
7,
8,

9,

Jd/kg-X

J/kg-K
J/kg-K

J/kg-K

J/kg-K
J/kg-K
J/kg-K

J/kg-K

J/kg-K
J/kg-K

J/kg-K

J/kg-K

J/kg-K

Jd/kg-K
J/kg-kK
J/kg-K

J/kg-K

N/m2

(atmn)

N/nZ2 (atm)
N/m2 (atm)
N/mZ2 (atm)
N/m2 (atm)

N/m2 (atm)

J/kg-K (Btu/lbm-9R)

{Btu/1lbm-0R)
(Btu/1bm-9R)
(Btu/1lbm-90R)

(Btu/lbm-OR)

(Btu/lbm-9R)
(Btu/lbm~-OR)
(Btu/1lbm- OR)
{Btu/1lbm-OR)
{Btu/1lbm-9R)
(Btu/lbm-9R)
{Btu/lbm-9R)
{Btu/1lbm-0R)
(Btu/lbm- OR)
(Btu/lbm-OR)
(Btu/1bm-9OR)
{Btu/lbm-0R)

(Btu/lbm-0R)
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SFC

T1

T21

T21DS

T22

T22DS

T23

* T24

T25
T28
T29

T2DS

T3
T38

T39

* T4DS

T4GU

32

specific fuel consumption, kg/N-hr (lba/lbf-hr)

(logical) control for SI or U.S. customary
(English) units

standard temperature, station 1, K (OR)

Input: total temperature at fan inlet,
station 2, K (9R)

Output: total temperature at station 2, K (9R)

total temperature at station 21, K (©9R)

total temperature at intermediate-compressor
exit at design conditions, station 21, K (OR)

total temperature at station 22, K (°R)

design total temperature at fan exit, station 22,
K (OR)

total temperature at station 23, K (9R)
Input: total temperature at ductbhurner exit,

station 24, K (OF)
Output: total temperature at station 24, K (9R)

total temperature at station 25, K (9F)
total temperature at station 28, K (9F)
total temperature at station 29, K (9R)

design total temperature at far inlet, station 2,
K (O°R)

total tempsrature at station 3, K (OF)

total temperature at station 38, K (9P)

total temperature at station 39, K (OR)

Input: total temperature at combustor axit,
station 4, K (9R)

Output: total tsmperature at station 4, K (OF)

design total temperature at combustor exit,
sStation &, K (°R)

guessed total temperature at station 4, K (9F)




T TR

T5

T50

T55

T6

T7

T7DS

T8
T9
TF
TFAR

TFFHP

TFFIP

TFFLP

TFHPCF

TFHPDS

TFIPCF

TFIPDS

TFLPCF

TFLPDS

total temperature at station 5, K (©°R)

total temperature at station S0, K (9FR)

total temperatur= at station 55, K (9F)

total temperature at station 6, K (9R)

Input: total temperature at afterburner exit,
station 7, K (9R)

Dutput: total temperature at station 7, K (©OR)

design total temperature at afterburner exit,
station 7, K (°OF)

total temperature at station 8, K (9R)
total temperature at station 9, K (OR)
final time for transient, sec

total fuel-to-air ratio

flow function of high-pressure turbine,
kg-/K-m2/N-sec (lbm-PF-in2/1lbf-sec)

flow function of intermediate-pressure turhire,
kg-/K-m2/N~sec {lbm-/OR-irn2/1lbf-sec)

flow function of low-pressure turbine,
kg-/K-m2/N~-sec (1lbm-/OR-in2/1bf-sec)

correction factor of high-pressure turhine flow
function

design flow function of high-pra2ssure Zurbine,
kyg=/K-m2/N-sec (lbm-/°R-in2/1bf-sec)

correction factor of intermediate-pressure
vurbine flow function

design flow function of intermediate-pressure
turbine, kg /K-m2/N-sec (lbm-\/PR-in2/1bf-sec)

correctior factor of low-pressure turbine flow
function

desigr flow function of low-pressure turbire,
kg=J/K-m2/K-sec (lha=/9R-ir2/1bf-secc)
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TIME

* TOLALL

TS28

TS29

T538

TS39

TS7

TS8

TS9

U21

u22

U24

U3

u37

u4

U5

us0

Us5

u7

34

time, sec

tolerance on convergence

static temperature

static temperature

static temperature

static temperature

static temperature

static temperature

static temparature

internal ensrgy at

irternal en=2rgy at

internal energy at

internal at

internal

internal erarqgy

interrnal ern=argy

interral en=rgy

at

interral en=2rqgy

internal enz2rgy at

velocaity at s*tation

velocity at station

velocity at station

velocity at statiorn

velocity at station

velocity at station

velocity at station

at

station
station
statiorn
station
station
station

station

station
station
station
25,
28,
29,
38,
39,
55,

6,

station 28,
station 29,
station 38, K
station 339, K
station 7,
station 8,

station ¢, K

m/sec
m/sec

m/sec

K (OR)
K (OR)
(OR)
(OR)
K (9R)
K (OR)
(°R)

21, (Btu/1bm)

J/kg

22, J3/k3 {(Btu/lbm)

24, J/%g (Btu/lbm)

3, J/kg (Btu/lbm)

37, Jd/k3 (Btu/lbm)

t, J/kg (Btu/lbm)

5, J/kg (Rtu/1lbm)

5%, J/k3 (Btu/lbm)

55, J/kg (Btu/1lbm)

7, J/kg (Btu/lbm)
(ft/sec)
(ft/s=2c)

(Et/sec)

m/sec (ft/sec)
m/sec (ft/sec)
rn/sec (ft/sec)

m/sec (ft/sec)



V7
Ve
v9

VA

VAFTBN

YCOMB

VCOoMP

VFAN

VFDUCT

- VHPTRB

VINTC

VIPTRB

vJb

VI
VJIu

VLPTRB

VWDUCT

WA21
WA22

WA23Ds

WA3

velocity at station 7, m/sec (ft/s=c)
velocity at station 8, m/sec (ft/s=zc)
velocity at station 9, m/sec (ft/s2c)
velocity of aircraft, m/sec (ft/sec)

control volume associated with afterburner,
m3 (ft3)

control volume associated with combustor,
m3 (£t3)

control volume associated with cor2 compressor,
m3 (ft3)

control volume associated with fan compressor,
m3 (ft3)

control volume associated with fan duct, m3 (£t3)

control volume associated with high-pressure
turbine, m3 (£t3)

control volume associated with intermediate
compressor, m3 (ft3)

control volume associated with
intermediate-pressure turbine, m3 (ft?3)

velocity of fan duct exhaust, m/sec (ft/sec)

velocity of core exhaust, m/sec (ft/sec)
velocity of wing duct exhaust, m/sac (ft/sec)

control volume associated with low-pressure
turbine, m3 (£t3)

control volume associated with wing duct,
m3 (£t3)

airflowv at station 21, kg/sec (lbm/sec)
airflow at station 22, kg/sec (lbam/sec)

airflovw at station 23 at design conditions,
kg/sec (1bm/sec)

airflow at station 3, kg/sec (lbm/sec)
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WA32

WA32DS

WA3CDS

WAC

WACC

* WACCDS

WACCF

WACDS

WACI

WACP

WAD

WAF

WAFC

* WAFCDS

WAFCF

WAFDS

WAFP

WAI

36

airflow at station 32, kg/sec (lbm/sec)

airflow at station 32 at design conditions,
kg/sec (lbm/sec)

corrected airflow in combustor at design
conditions, station 3, kg/sec (lbm/sec)

airflow of core compressor, kg/sec (lbm/sec)

corrected airflow of core compressor, kg/sec
{lbm/sec)

design corrected airflow of core compressor,
kg/sec (lbm/sec)

correction factor of core-compressor corrected
airflow

airflow of core compressor at design conditions,
kg/sec {(lbm/sec)

corrected airflow of intermediate compressor,
kg/sec (lbm/sec)

saved airflow of core compressor, kg/sec
{lbm/sec)

airflow of fan duct, kg/sec (lbm/sec)
airflow of fan compressor, kg/sec (lbm/sec)

corrected airflow of fan compressor, kg/sec
(lbm/sec)

design corrected airflow of fan compressor,
kg/sec (lbm/sec)

correction factor of fan compressor corrected
airflow

airflow of fan compressor at design conditions,
kg/sec (lbm/sec)

saved airflow of fan compressor, k3j/sec (lbm/sec)

airflov of intermediate compresscr, kg/sec
(lbm/sec)



* WAICDS

WAICF

WAIDS

WAIP

* WFA

* WFB

* WFBDS

WFD
WFT
WG24
WG37
WGY
WG5S
WG50
WG55

WG6

WG6CDS

WG?7
WGT
XBLDU

XBLF

désign corrected airflow of intermediate
compressor, kg/sec (lbm/sec)

correction factor of intermediate-compressor
corrected airflow

airflow of intermediate compressor at design
conditions, kg/sec (lbm/sec)

saved airflow of intermediate compressor, kg/sec
(Lbm/sec)

fuel flow rate to afterburner (IAPTBN=2 only for
input), kg/sec (lbm/sec)

fuel flow rate to main combustor (MODE=2 only for
input), kg/sec (lbm/sec)

design fuel flow rate to main combustor
(MODE=2 only for input), kg/sec (lbm/sec)

fuel flow rate to ductburner, kg/sec (lba/sec)
total fuel flow rate, kg/sec (lbm/sec)

gas flow at station 24, kg/sec (lba/sec)

gas flow at station 37, kg/sec (lbm/sec)

gas flow at station 4, kg/sec (lbm/sec)

gas flow at station 5, kg/sec (lbm/sec)

gas flow at station 50, kg/sec (lba/sec)

gas flow at station 55, kg/sec (lba/sec)

gas flow at station 6, kg/sec (lbm/sec)

corrected gas flow at station 6 at design
conditions, kg/sec (lbm/sec)

gas tlow at station 7, kg/sec (lbam/sec)
total gas flow rate, kg/sec (lbm/sec)
saved BLDU

saved BLF
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XFAR2Y saved FAR24

XFARS5S5 saved FARS5S

XH21 saved H21

XH25 savaed H25

XH3 saved H3

XH55 saved H55

XNHP speed of core compressor, rpm

XNHPDS design speed of high-pressure rotor, rpm

XNIP speed of intermediate compressor, rpn

INIPDS design speed of intermediate-pressure rotor, rpm
INLDEM commanded speed of fan compressor, rpm

XNLP speed of fan compressor, rpn

XNLPDS design speed of low-pressure rotor, rpm

XP1 saved P1

Xp21 saved P21
XP25 saved P25
XP55 saved P55
Xs21 saved 521
Xs25 saved S25
Xs55 saved S55
XT21 saved T21
XT25 saved T25
XT55 saved T55
XWAC saved WAC
XWAF saved WAF

XWFB saved WFB



XWFD
XWG24
XWG55
XXP1
zC

ZCDS

ZF

ZFDS

Z1

21IDS

saved WFD

saved WGZY

saved WG5S

saved P1

ratio of core-compressor pressure ratios

design ratin of core compressor; equals pressure
ratio at design pcint on design speed line
minus value of pressure ratio at lowest
point on speed line, divided by high (surge)
value minus low value of pressur2 ratio on
design speed line

ratio of fan-compressor pressure ratios

design ratio of fan compressor (see ZCDS for
explanation)

ratio of inteimediate-Cccmrpressor pressure ratios

design ratio of intermediate compre2ssor ({s=<e
ZCDS for =xplanation)
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APPENDIX B

FORTRAN LISTINGS

Main Program DYGABCD

THIS IS THE MAIN PEOGRAM
IMPLICIT REAL*8
L I, ERRER, DUM

LOGICA
COMMON

/COMALL/

DIMENSION WORD {2

{KDES
(IAMT

(IAFTBN, COM (12
(IDSHOC, COM (15
(ITRYS, COHM(18)
1
4
}
’

(NUMM
(ERR (
(An23
(P23,
(ra24,
(ra2s,
(A28,
(vas,
(p28,
{(A29S
(529
(829,
(WAD,

s, COM{(5})),
P, COM(9))

AP, COM (2
1), coM(2
., COM(25)
COM (38))
coM{u2)),
coM (45)),
CO% (50)) .,
coM{53)),
coM (57) ),
AV, COM(61)
, COM (64)),
Ccov(68)),
coM(71)) .,

)
)
)
)
)

(DPDUC, COM(74))

EQUIVALENCE

(Xp25

. CON(80)),

(XWG55, COoM(83))

(XP55

. CON(BS)),

(XWFB, COM(89)),

(p2,

CoM(93)), (H2,

(r22Dps, CoOM(37))
(T4GU, COM(100}))

(a5,

(FARS
(AS5,
(PS6,

(CNHPECF,

cox(103)),
, COM(106))
Ccox(109)) ,
coM (112)),

(TFHPDS, COM (118
{PRFCF, COM(121)
(PCNFDS, COM (124
(WAFDS, COM(127)

(WACCDS,

(ZCDS, COM(133))

(ZF,

CoM (136} ),

EQUIVALENCE {2I,
(CNIP, CO%(142))
(DHTI, COM{145))

(PCNI
(s1,

{WA3CDS, COM(158)),

{s4,
(T50,

GU, coM (148
COM(151)),

comM(158)),
coM(i61)) ,

coM(115)),

coM(130)),
. (CNF

(A-H,

cOM (10
), EER

{WORD{1),

(MODx,

0-2)
SPL, FXFPN2H
62)

(9), DUMDI{153),
TIMEPT(50), XS(23),
com{1y), (IDES,

CoM (6)), (INIT,

(IGAS¥X, COM(10)
(IDCD, COM(13)

(IM

(M3
(p1
(WA23
(H23,
(H24,
(P23,
(A28SA
(Ts23,
(428,

SHIZ, Zov(1

).

) e

., (LOOFER, COM(13
)e PEDG, COM(22)),
) s

, COM(33)),
DS, COM(35)

cov(3%)}), (s23,

coM(4dy), |

covM (7)), (H2E,

v, 20M(51))
CoM (54)) ,
cov(58)),

Y, (AM23, COM(E2)

(PS23
{s29,
(WFD,

. (DPDUDS,
(XWG24, COM(7T7)),

(XH25

, COM(63)),
CoM(6%)), (
com(72)) ., {

. COU(31)),

« (XFARS55, COv (84

(XH55

. CON(37)),

(X¥FD, COM(%D)),

coM(3u)),

. (A25, ZHoM(33)),
. (T4DsS, COM(101)
(s5, cou(ics)), (
» (AM55, COM{107)

(PS55, COM(113)), (S6,
(TFHPCF, COoM{(114)),

(ve,

(ETHPCF,
}), (CxHPDS,

cov (113)y,

), (ETAFCF, 0¥ (1
y), (PEFDS, coM(1
)« (PCNC3U, COY(1

(PCNP,
con (1
. (ETA

(PPF, COM(131

, COM(134))
coM (137,

covM(75)),
(XFAR2Y4,

, FXNM2CP, AFTFAN, FAN

FO(50,4), S2(10,

PYRDOT (23)

coM(3)), (JIDES,
COM (7)), (IDUMP

}y, (IDBURN, ZoM(11)),
), (IMCD, com(1u)),

6)), (NOZFLT, COM(17)
)Y, (NOMAP, COM(20)),

(422,

(TOLELL, COM(23)

cox (3ty),

). (723, CoM(37)),

coM(eey), (324,

24, COM(LL)), (AK2S,

, {(au23
{Ps23,

coM(u48y), (525,

s COM(52)),

com(55)), (T2,

528, CoM({59)), (az29,

), (V29
(T29,
BYPASS,

. COM(€3)),
CoM (66)), (P29
coM{(70)),

ETAD, COM(73)),

(X525,

(XXP1, COM(75))
CoM(78)), (XI25

com(82)),

)}, (XTS5, COM(85)),

(Xs35,
(T2DS,

(s2, coMm(?

(v2s,
) o (T5,

cem(sey),
com(s1)), (r2
5)), (S22, CO1
COoM (29)),

oM (102)),

AGS, CcoM(1095))y,
), (V55, CoM(108)),

coM(118)),
coM(119y),

22)) . A

coM (111},

(DHHPCF, ZOM (1
(ETHPDS, COY(1
WAFCF, COM(123

25y}, (ETAFDS, COM(12
25)), (HPEXT, CoOM (129
)}, (ETAF, COM(132)),
, (4AFC, COoM{135)),
(PCBLF, COM(138))

39)), (pCNI, coM(?
3)), (DHTCIP, COM(1uu

TIP, COY (14

« (ZIDS5, COM(14€)), (PCN

)). (T

1, CoOM (49

(T3, coM(152)), (

(WG,
(Hs0,

(T4, CCM(156)

co1(153)),
con(162)),

), (HT,

40)), (TFFIP,

IDS, COM(147))
coK(150)},

H3, CoM(153)), (wWa3,

), (a4,
(FARG,
(s50,

coM(157)),
coM(160)),
COoM (1€3)),

€),

CoM (4)),
. coM(ayy,

b,
),

cowquatyy,
COM(45)),
CoM (49yy,

COM(56)),
CoOM(60)),

» SOM(6T7)),

« C0M(T3)),

, TOM(92)),
(96)),

17) ),
20)) .,
V).
§)),
M.,

coM (141)),
1D

coM (15h)),

EBCDOCO1
ABCZDCOCD2
ABCDONO3
ABCDOC?Y
ABCDOCOS
ABCD2023
ABCDJC27
ABCDOON3
23¢CPRND2
ARCNGO1D
A3CDpoc11
ABCD2012
ABCDOC13
ABCDOO1R
ABCDON1S
ABCDNO15
ABCD2017?
ABCDCC1R
ABCDOO12
ABCDN022
ABCDON21
ABCDON22
ARCDNC22
ABCDCC23
ABCDCC25
ABCDO023
ABCDQO27
ABCDOC2P
ABCDGCN22
ARCDOG3D
ABCDJ031
ABCDJ032
ABCDC033
ABCDOO3Y
ARCDCC3S
ABCDRO03%
ABCDJC37
RBCDOC3A
ABCDNOQ33
ABCDOOUD
ABCDO0Y%1
ABCDOCH2
ABCDOCL3
ABCDOO4Y
ABZDCNYS
ABCDOO45
ABCDOONL7T
ABCDOO48
ABCDOOUS
ABCDCO50
ABCDODS1
ABCDRCS2
ABCDOOS3
ABCDOOSY



(4650,

(WAIDS,

(ETAI,

S OONOONVNEWLa200D

EQUIVALENCE

{xH21,
(XWAF,
(XBLDU,
(An38,

(PS38,

(DELFG,

(FGHD,
(FGPHN,

S OO NONVNMEWNa OO EWN

(WA32,

(TPFLP,

(PCNC,
(PCBLT,

(¥ACT,
(BLHP,

- OONAVNIEWNDOONNEWN =

(WAC, coM(191)),
(CS, COM(1%4)),

(DPCODS, COM(197)), (DPC)
(XP1, COM(203)), (XTr21,

(H38, coHM(215)),

(V39, com(221)),
(P39, COM(22%)),
(¥A32DS, COM(227))
(FGHWNG, COM(230)), (FGPW
(FNMAIN, COM(233))

(BLF, COM(316)),

Con (168)),

(PCBLIP, CON(167)),
(PCBLOB, COM(170)),
(DHTCHP, COM(173)),
(PRICF, COM(176)),
(ETABCF, COM (179)),

com(182)),

(WFBDS, COM(185)),

Com (188)),

com (203)),
CoM(206)),

CONM (209)),
coM(212)),

coM(218)),

cCoM(236)),

(CVDHNG, CONM (239))
(VA, CoOM(242)),

(VJM, COM(245)),
(SFC, COM(248)), (

CcoM (251)),
CoM (254)),

(FG, COM(257)), (F
EQUIVALENCE
(FNOVFD, COM(262))
(521, COM(265)),
(T22, COM(268)),

CoM(271)).,

(555, COM (274)), (
(ETLPDS, COM(277))
(ETIPDS, COM(280))
(ETLPCF, COM (283))
(CNIPCF, COM(286))

coM(289)),

(DHTCLP, COM(292))
(ETACCF, COM(295))
(ETACDS, COM (298))

COM(301)),
comM(304)),

(PRC, coM(307)),

cOoM(310)),
coM (313)),

EQUIVALENCE (WAF,

1 (FAR24,

CoM(322)),

(AN,

(P38,

(T39,
(Ts39,
, (DPWING,

(FARS0,

COoHN (165)),

(PCBLLP, ZOM(168)),
(CEHP, COM(171))
(DHTC
(ETAICF, COM(177)).
(PRIDS, CON (180)

« CON(174))

(WAICDS, CJ%(183)

(ZFDS,

(PRI, C3M(189)),
(WFB, CONM(192)),
COM (195)),

(xs21,
(XWAC,
(¥G37,

(v38, Com(213)),
CoM (216) ),
(339, oM(219)),
coM (222)),
20M (225)),
coM(228)),

, (FPWOV

coM(185)),

M, 2049(198)

coM(204)),
comM(207)),
con(219))y,

NG, COM({231
FN, COM (234

(DELFN, COM(237))

, (CVDN

(VID, coN
(WFT,
TFAR, COM(249)),

(FGMM,
(FGM, =
N, COM(

(FCOVFN, COM(260)),

. (T21,

(WA21, C
(WA22, <

(TS5, C
TFLPDS,
, (TFIP

JZ, COM (240

(243)), (Vaw,
COoM (245)), (W
(FRD,

com(252)),

OM (255)), (FGP,
258)), (FFOVFN,
(FMNOFN,

coM(263)),

0OM(255)), (T21DS,
oM (269)), (S3,
oM(272)), (H5S,

CoM(275)),

DS, COM(278)),

, (TFLPCP, COM (281

, (DHLP
, (ETIP
(CNLP,

CF, ZOM (284

CF, COM(287)),

coM(290)),

, (DHTF, C0%(293))

, (WACZ
., (WACD
(PCBLC,

(PCBLI
ETAC, C

F, COM(296)
S, COM(299)
coM(302)),
D, COM{305)
M (308)), |

(WAL, COM(311)), (

(BLIP,

(BLDU, COM(317)),

coM (313
(¥G535,

coM(314)y,

)), (WACC,
coM(323)),

(ETAB,
(BLC,
(ALTP,

(rs3s,

(H39,
(Ps39,

(BLOB,

(PCBLHP,

con(166)),

(PCBLDUO, COM (169)),

+ (BTATHP, CON(172)),
+ (TFFHP, CONM(175)),

(WAICF, COM(178)),
)s (ETAIDS, COM(181)),
Mo

)+ (ETABDS, COM(184
(ETAR, COM(187)),

CoM (190)),
COM (193)),
coM(196)),

) (PCNPGU, COM(199))

conM(201))

« (XP21, COM(202)),

(XH3, COM(205)),
(XBLF, CON(208)),
(38, CoM(211)),

(T38, COM(214)),
coM(217)),

(AM39, COM(220)),

COM (223)),

CoM (226)),
(BPRINT, COM(229)),

)), (FNWING, COM(232)),
)), (DPWGDS, COM(235)),
. (DELSFC, COM(238)),

)). (CVMNOZ, COM(2871)),

coM (244)),

GT, comM(247)),

CoM (250)),

(FGPD, COM(253)),

(CNLPDS,

)) . (TFIPCF, COM (285)
(DHIPCF, COY(288)

(ETATLP,
(PRCCF,

(CNIPDS, CTO%(279))

})+, (CNLPCF, COM(282))
)

)

COM (256)) ,
COM(259))
cCoM(261)),
(H21, COM(264)
COM (267)
COM (270) ),
comM(273)),

).
).
coM(276)),

comM(291)),
com{23)y,

), (PRCDS, COM (297)),
). (2C, COM(300}),

(PCNCDS,
)« (CNC,

COM (303)),
coM (306)) ,

CNI, TOM(309)),
BLI, COM(312)),
(BLLP, COM(315)),

ZOM(320))
(FARSS,

com(318))

., (WG24, com(321)),
com(328)),

ABCDOO5S
ABCDOO0SH
ABCDOOS57
ABCDOOS58
ABCD0OOS53
ABCD0O06O
ABCD0OS51
ABCD0O062
ABCDODS3
ABCDOO5%
ABCDOOS65
ABCDOOS66
ABCDOO67
ABCD0OOS3
ABCDOOSS
ABCDOO70
ABCDOO71
ABCDO0072
ABCD0O073
ABCDOO74%
ABCDOO75
ABCDOO75
ABCDOO77
ABCDOO73
ABCDOO73
ABCDO0OO08O
ABCDOO0S1
ABCDOOB2
ABCDQO083
ABCDOO8BY
ABCDOO8BS
ABCDO0O085
ABCDOOB7
ABCD0O0S8S3
ABCDOO83
ABCDOOSO
ABCDOO031
ABCD0O0S2
ABCDOO033
ABCDOO0CO4
ABCDOO95S
ABTDDO096
ABCDOOS7
ABCD0O33
ABCDO0O099
ABCDC100
ABCDO 101
ABCDO0102
ABCD0O 103
ABCDO104
ABCDO105
ABCDO 125
ABCDO107
ABCDO103
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2 (P6DSAV, COM(325)), (AM&DSV, COM(326)), (AN6, COM(327)), ABCDO 109
3 (A6, COM(328)), (WG6CDS, cCOM(329)), (WGE, COM(330)), ABCD0110
4 (r6, com(331)), (P6, COM(332)), (H6, COM(333)), (WG7, COM(334)), ABCDO111
5 (FAR7, COM(335)), (FAR7SV, COM(336)), (TS7, COM(23T)), ABCDO112
6 (PS7, cCOM(338)), (V7, COY(339)), (AM7, COM(340)), (A7, COM(341)),ABCDO113
7 (T7pS, coM(342)), (T7, COM(343)), (H7, COM(344)), (S7, COM{(345)),ABCDO114
8 (A8, COM(346)), (a8SAV, COM(347)), (TS8, cCoM(3u8)), ABCDO115
9 (PS8, COM{349)), (V8, COM(350)), (AMB, COM(351)), (I8, Cu*(352)),ABCDO115
1 (P8, COM(353)), (HB, COM(3%54)), (S8, COM(355)), (A9, COM(2:7)y), RABCDN117
2 (A9SAV, COM(357)), (TS9, CoM(358)), (PS9, COM(359)), ABCDC113
3 (vV9, comM(360)), (AN3, COM(3El)), (T9, COM(362)), (P9, COM(363)), ARCDA11"
4 (H9, COM(364)), (39, COM(3¢5)), (SITAANS, COM(3EE)), 2300120
5 (DPAFDS, COM(367)), (WFPA, COM(368)), (ETAA, COM(369)), ABCDO121
6 (ETAASV, COM(370)), (DPAFT, COM(371)), (XNHP, COM(372)), ABCDO0122
7 (XNIP, COM(373)), (XNLP, ZOM(374)), (P22, COM(375)), ABCD0123
8 (u22, com(376)), (P21, COM(377)), (U21, com(378)), ABCDO124
9 (pP3, COM(379)), (U3, COM(380)), (P4, COM(381)), (U4, COM{382)), ABCDO125
1 (P50, COM(383)), (US0, COM(3884)), (P5, COM(385)), (U5, COM(385)) ABCDO126
EQUIVALENCE (P55, COM(387)), (US55, COM(388)), (P7, COM(389)), ABCDO127
1 (U7, COM(390)), (P24, COM(391)), (U24, COM(392)), ABCD0123
2 (P37, COM({393)), (U37, COM(393)), (VFAN, COM(395)), ABCD0129
3 (VINTC, COM(396)), (VCOMP, COM(397)), (VCOMB, COM(398)), ABCDO013)
4 (VHPTRB, COM(399)), (VIPTRB, COM(400)), (YLPTRB, CO%(401)), ABCDC 131
5 (VAFTBN, COM(402)), (VFDUCT, ZO4(403)), (VWDUCT, COM(404)), ABCD0132
6 (DUMD1(1), COM(405)), (WAFP,COM(420)), (WAIP,COM(u21)), ABCDN 133
7 (WACP, COM(422)), (XNHPDS, COM(423)), (XNIPDS, COM(L2.)), ABCDO 134
8 (XNLPDS, COM(425)), (PMIEP, COY(426)), (PMIIP, COM(427)), ABCDO135
9 (PMILP, COM(428)), (DELT1, COM(429)), (FO(1,1), COM(430)), ABCDO 136
1 (XNLDEM, COM(630)), (SO(1,1), COM(631)), (PDATA(1,1), COM(691)), ABCDO137
2 (TIMEPT(1), COM(941)), (PRFNEW, COM(991)), (PRCNEW, COM(992)),  ABCD0133
3 (TIME, COM(993)), (DT, COM(994)), (TF, COM(995)), ABCDO139
4 (TPRINT, COM(996)), (DTPRNT, COM(997)), (PVRDOT(1), COM(998)), ABCDO14)
5 (XS(1), COM(1021)), (ISPOOL, COM(1044)), (ICOAFB, CON(1045)), ABCDO 141
6 (ICODUC, COM (1046)), (ICOMIX, COM(1047)), (KKGO, COM(1048)), ABCDN 142
7 (ITRAN, COM(1049)), (JTRAN, COY(1050)), (NSTEP, COM{1051)), ABCDO143
8 (LVRDOT, COM(1052)), (IDOT, COM(1253)), (IAMTRX, COM(1054)), ABCDO 144
9 (SI, COM(1055)), (ERRER, COM(1056)), (DUMSPL, COM(1057)), ABCDO145
1 (FXFN2M, COM(1058)), (FXM2CP, COM(1059)), (AFTFAN, CIM (1060)) ABCDN 145
EQUIVALENCE (FAN, COM(1061)), (WAFCDS, COM(1062)) ABCDO147
ERRER = .FALSE. ABCDO 143
ITRAN = 0 ABCDO143
JTRAN = 0 ABCD015)
NSTEP = 0 ABCD0151
TIME = 0.0DO ABCD0152
TPRINT = 0.0DO ABCDO153
DTPRNT = 0.0DO ABCDO154
IDOT = 0 - - ABCD0155
IAMTRX = 0 2BCDO155
DO 1 J = 3,404 ABCDO157
WORD(J) = 0.0DO ABCD0158
DO 2 J = 1057,1062 ABCDO153
WORD (J) = 0.0DO ABCDO160
ISPOOL = 0 ABCDO161

SET ARBITRARY VALUES FOR INTERMEDIATE SPOOL DESIGN PARAMETERS TO ABCD0162
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AVOID ERROR WHEN RUNNING A DUMMYSPOOL ENGINE
PRIDS = 1.5D0

ETAIDS = 1.0DO0
PCNIDS = 100.0DO
2IDS = .75D0
PCNCDS = 100.0D0
KKGO = 0

CALL CONOUT (1)
P6DSAV = 1.0D0
AM6DSV = 1.0D0
ETAASY = 1.0DO
FARTSV = 1.0D0
CALL ENGBAL

STOP

END

Subroutine AFQUIR

SUBROUTINE AFQUIR (X,AIND,DEPEND,ANS,AJ,TOL,DIR,ANEW,ICON)
IMPLICIT REAL*8 (A-H,0-2)
DIMENSION X (9)
X(1) =NAME OF ARRAY TO USE
AIND=INDEPENDENT VARIABLE
DEPEND= DEPENDENT VARIABLE
ANS=ANSWER UPON WHICH TO CONVERGE
AJ=MAX NUMBER OF TRIES
TOL=PERCENT TOLERANCE FOR CONVERGENZE
DIR=DIRECTION AND PERCENTAGE FOR FIRST GUESS
ANEW=CALCULATED VALUE OF NEXT IRY AT INDEPENDENT VARIABLE
ICON=CONTROL =1 GO THRU LOOP AGAIN
=2 YOU HAVE REACHED THE ANSWER
=3 COUNTER HAS HIT LIMITS
X (2) =COUNTER STORAGE
X (3) =CHOOSES METHOD OF CONVERGENCE
X (4) =THIRD DEPEND VAR
X(5) =THIED IND VAR
X (6) =SECOND DEPEND VAR
X(7) =SECOND IND VAR
A (8) =FIRST DEPEND VAR
X(9) =FIRST IND VAR
X(3) MUST BE ZERO UPON FIRST ENTRY TO ROUTINE
Y = 0.0D0
IF (ANS .EQ. 0.0DO0)
DEF = DEPEND - ANS
TOLANS = TOL * ANS
GO TO 3
DEP = DEPEND
TOLANS = TOL
IF (DABS (DEP) .LE. TOLANS) GO T0 5
IF (X(2) - aJ) 8,8,7

GO TO 2

ANEW = AIND
X(2) = 0.0D0O
ICON = 2
RETURN

ABCDO163
ABCDO15%
ABCDO165
ABCDO155
ABCDN167
ABCDO 1568
ABCDO1E9
ABCD0170
ABCDO0171
ABCDO172
ABCDO173
ABCDO17%
ABCDO175
ABCDO175
ABCDO0177

ABCDD173
ABCDO179
ABCDO 183
ABCD0O181
ABCDO182
ABCDO183
ABCDO184
ABCDO185
ABCDO188
ABCDO137
ABCDO188
ABCDO 133
ABCD0190
ABCDO 191
ABCDO0192
ABCD2193
ABCDO194
ABCDO1395
ABCDO1%95
ABCDO197
ABCDO0198
ABCD0O133
ABCDO0200
ABCD0221
ABCD0202
ABCD0203
ABCDO204%
ABCD0205
ABCDO206
ABCD02)37
ABCD0208
ABCDO203
ABCDO217
ABCD0211
ABCD0212
ABCDO0213
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6 ANEW = Y
X(2) = X(2) + 1.0D0
ICON = 1
RETURN
7 ANEW = Y
X(2) = 0.0D0
ICON = 3
RETURN
8 IF (X(3) .GT. 0.0D0) GO Tro 12
C **x FIRST GUESS USING DIR
9 X(3) = 1.0D0
X(8) = DEP
X(9) = AIND
IF (AIND .EQ. 0.0D0) GO TO 11
10 Y = DIR * AIND
GO TO 6
1 Y = DIR
GO TO 6
12 IP (X(3) .GT. 1.0D0) GO T 15
C *%* LINEAR GUESS
13 X(3) = 2.0D0
X(6) = DEP
X(7) = AIND
IP (X(8) .EQ. X(6) .OR. X(9) .EQ.
/ (X(8) - X(86))

A= (X(9) - X(7))
Y =
IF (DABS({10.0D0 *
C *xx* QUADRATIC GUESS
15 X(4) = DEP
X(5) = AIND
IF (X(7) .NE. X(5)
IF (X(6) - X(4}))
18 IF (X(6) .EQ. X(4)
IF (X(9) .NE. X(5)
IF (X(8) .EQ. X(4)
21 X(9) = X(7)

X(8) = X(6)
GO TO 13

22 X(9) = X(7)
X(8) = X(6)
X(3) = 1.0D0

X(9) - A * X(8)
X(9)) - DABS(Y))

) GO TO
13,9,13

) GO TO
) GO T)
) GO TO

IF (X(¢9)) 10,11,10

21

X(5))
- X(5))) /7 ((X(9)

23 IF (X(8) .EQ. X(4)) GO TO
F = (X(6) - X(4)) / (X(7) -
A = (X(8) - X{4) - F * (X(3)
1 (X{9) - X(5)))
B=F - A % (X(5) + X(7))
C = X{4) + X(5) * (A * X(7)
IF (A .NE. 0.0D0) GO TO 27
IF (B .EQ. 0.0D0) GO TO 7
Y=-C/ B
GO TO 47

27 IF (B .NE. 0.0D0) GO To 32
IF (C .NE. 0.0D0) GO TO 39
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F)

- X(7)) *

ABCDO0214
ABCD0215
ABCD0215
ABCD0217
ABCD0218
ABCD0213
ABCD0220
ABCD0221
ABCD0222
ABCD0223
ABCD022%
ABCD0225S
ABCDD225
ABCD0227
ABCDD 223
ABCD0229
ABCD0230
ABCDO0231
ABCD0232
ABCD0233
ABCD023%
ABCDO235
ABCD0235
ABCD0237
ABCD0238
ABCD0239
ABCDO240
ABCDO241
ABCDO242
ABCDO243
ABCDO24U
ABCDO245
ABCDO2456
ABCDO247
ABCDO2U4S
ABCDO249
ABCDO0250
ABCD0251
ABCDO252
ABCDD253
ABCDO254
ABCD0 255
ABCDO0256
ABCDO0257
ABCD0258
ABCD0259
ABCD026D
ABCDN261
ABCDG252
ABCD0253
ABCDN25Y%
ABCDO265
ABCD0255
ABCDO0267



Y = 0.0D0 ABCDO0268

GO TO 47 ABCD0263
30 G =-C /A ABCD0270
IF (G .LE. 0.0D0) GO TO 7 ABCD0O271
Y = DSQRT(G) ABCDC272
YY = -DSQRT (G) ABCD0273
GO TO 37 ABCD0274
32 IF (C .NE. 0.0D0) GO TO 34 ABCDO0275
Y=-B/ A& ABCD0276
YY = 0.0DO ABCD0277
GO TO 37 ABCDC278
34 D = 4.0D0 * A * C / B ** 2 ABCD0279
IF (1.0D0 - D) 13,35,36 ABCD02890
35 Y = -B / (2.0D0 * A) ABCD0231
GO TO u47 ABCD0282
36 E = DSQRT(1.0D0 - D) ABCD0283
Y = (=B / (2.0D0 * A)) * (1.0D) + E) ABCDO28Y
YY = (=B / (2.0DO * A)) * (1.0D0 - E) ABCDO285
37 J =4 ABCD0285
DEPMIN = DABS (X (4)) ABCD0287
DO 39 I = 6,8,2 ABCD0238
IF (DEPMIN .LE. DABS(X(I))) GO To 39 ABCD0289
J=1 ABCD023)
DEPMIN = DABS (X(I)) ABCD0291
39 CONTINUE ABCD0292
K=J+ 1 ABCDD293
IF (((X(K) - Y) * (X(K) - YY)) .LE. 0.0D0) GO TO 42 ABCDD294
IF ((DABS(X(K) - Y) - DABS(X(K) - YY)) .LE. 0.0DO) GO TO 47 ABCD0295
Y = YY ABCD0296
GO TO 47 ABCD0297
42 IF (J .GE. 6) GO TO 44 ABCD0298
J3 =J + 2 ABCDO29)
KK = K + 2 ABCD0300
GO TO 45 ABCD0O301
44 Jd = J - 2 ABCDO0302
KK = K - 2 ABCD0303
45 SLOPE = (X(KK) - X(K)) / (X(3J) - X(J)) ABCDO30Y
IP ((SLOPE * X(J) * (X(K) - Y)) .3T. 0.0DO) GO TO u47 ABCDO0305
Y = YY ABCDO0306
47 X(9) = (N ABCD0307
X(8) = X(6) ABCD0308
X(7) = X(5) ABCD030)
X(6) = X (&) ABCDO0310
G0 TO 6 ABCD0311
END ABCDO 312

Subroutine ATMOS

SUBROUTINE ATMOS (Z2FT,TM,SIGMA,RHO, THETA,DELTA,CA,AMU,K) ABCDO313
IMPLICIT REAL*8 (A-H,0-2) ABCDO314
LOGICAL SI ABCD0315
c THIS IS A SUBROUTINE TO COMPUTE CERTAIN ELEMENTS OF THE 1962 ABCDO316
c U.S. STANDARD ATMOSPHERE UP TD 90 KILOMETERS. ABCD0317
c CALLING SEQUENCE... ABCDO313
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CALL ATMOS (ZFT, TM, SIGMA, RHO, THETA, DELTA, CA, AMU, K)

ZFT = GEOMETRIC ALTITUDE (FEET)
™ = MOLECULAR SCALE TEMPERATURE (DEGREES RANKINE)
SIGHMA = RATIO OF DENSITY IO THAT AT SEA LEVEL
RHO = DENSITY (LB-SEC**2-FT*x* (-4) OR SLUG-FT**(-3))
THETA = RATIO OF TEMPERATURE TO THAT AT SEA LEVEL
DELTA = RATIO OF PRESSURE TO THAT AT SEA LEVEL
Cca = SPEED OF SOUND (FT/SEC)
ANMU = VISCOSITY COEFFICIENT (LB-SEC/FT*%*2)
K = 1 NORMAL
= 2 ALTITUDE LESS THAN -3300 METERS OF GREATER THAN 90 KM
= 3 FLOATING POINT JOVEFFLOW

ALL DATA AND FUNDAMENTAL CONSTANTS ARE IN THE METRIC SYSTEM AS
THESE QUANTITIES ARE DEFINED AS EXACT IN THIS SYSTEM.

THE RADIUS OF THE EARTH (REFTS59) IS THE VALUE ASSOCIATED WITH THE
1959 ARDC ATMOSPHERE SO THAT PROGRAMS CURRENTLY USING THE LIBRARY
ROUTINE WILL NOT REQUIRE ALTERATION PO USE THIS ROUTINE.

COMMON /COMALL/ COM(1062)

DIMENSION HB(10), TMB(10), DELTAB(10), ALM(10)

EQUIVALENCE (SI, COM(1055))

DATA HB / -5.0D0, 0.0D0, 11.0DJ, 20.0D0, 32.0D0, 47.0D0, 52.0DO0,

1 61.0D00, 79.0D0, 88.743D0 /

DATA TMB / 320.65D0, 288.15D0, 2 * 216.65D0, 228.65D0,

1 2 % 270.65D0, 252.65DC, 2 * 180.65D0 /

DATA DELTAB ,/ 1.75363D+03, 1.00000D+00, 2.23361D-01, 5.40328D-02,

1 8.56663D-03, 1.09455D-03, 5.82289D-04, 1.7$718D-04, 1.0241D-05,

2 1.6223Dp-06 /
DATA ALM / 2 * -6.5DO, 0.02D0O, 1.0DO0, 2.8D0, 0.0DO, -2.0DO,

1 -4.0D0, 2 * 0.0D0 /

DATA REFT59/2.0855531D+07/, GZ /%.80665D+00/,
1 AMZ /2.896u44Dp+01 /, RSTAR /8.31432D+00/,
2 FTTOKM/3.048D-04 /, S /1.104D+02 /,
3 ANUZ /1.2024D-05 /¢ CAZ /1.11645D+403/,
4 RHOZ /7.6474D-02 /, GZENG /3.21741D+01/

CONVERT GEOMETRIC ALTITUDE T GEOPOTENTIAL ALTITUDE
IF IN SI UNITS, CHANGE ZFI TO FEET
IF (SI) 2ZFT = ZFT * 3.280833D0
HFT = (REFTS9 / (REFT59 + ZFT)) * ZFT

CONYERT HFT AND ZFT TO KILOMETERS

Z = FTTOKM * ZFT
H = FTTOKM * HFT
K = 1

TMZ = TMB(2)

IF (H .LT. -5.0D0 .OR. 2 .3T. 90.0D0) GO TO 7
po1 M = 1,10

IF (4 - HB(M)) 2,3,1

CONTINUE

GO TO 7

M=HN -1

DELH = H - HB(M)
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ABCDO0319
ABCD03290
ABCD0321
ABCDO322
ABCD0323
ABCDD324%
ABCDO0325
ABCD0325
ABCD0 327
ABCD0328
ABCD0329
ABCDO333
ABCDN331
ABCDN332
ABCDO0333
ABCDN 334
ABCDO335
ABCDO335
ABCD0337
ABCDJ333
ABCD0339
ABCDO34D
ABCDO341
ABCDO 342
ABCDO3432
ABCDO34%
ABCDO345
ABCDN 3456
ABCDO0O347
ABCDO348
ABCD0343
ABCDO0359
ABCDO351
ABCDC352
ABCDJ353
ABCDC35%
ABCDO0355
ABCD035%6
ABCDO0357
ABCDD3%8
A3CDN353
ABCDO363
ABCD036€1
ABCNO0362
ABCDO0O363
ABCDO364
ABCDC3€5
ABCDO355
ABCDO367
ABCD0N368
ABCDO3E®
ABCDO370
ABCDO0371
ABCDN 372



IF (ALM(M) .EQ. 0.0D0) GO TO 4 ABCD0373

TMK = TMB(M) + ALM(M) * DELH ABCDO374

C GRADIENT IS NON ZERO, PAGE 10, EQUATION I.2.10-(3) ABCDO0375
DELTA = DELTAB (M) * ((TMB(M) / TMK) **x (GZ * AMZ / ABCDN376

1 (RSTAR * ALM(M)))) ABCD0377

GO TO 5 ABCD0378

4 TMK = TMB(M) ABCD0372
C GRADIENT IS ZERO, PAGE 10, EQUATION I.2.10-(4) ABCD0O380
DELTA = DELTAB (M) * DbXP(—aZ **AMZ * DELH / (RSTAR * TMB(M))) ABCDO 381

5 THETA = TMK / TNZ ABCDO3R2
SIGMA = DELTA / THETA ABCD0383

ALPHA = DSQRT (THETA ** 3) % ((TMZ + S) / (TMK + S)) ABCD(C3BY4

C CONVERSION TO ENGLISH UNITS ABCD0O383
T = 1.8D0 * TMK ABCDO28¢

RHO = RHOZ * SIGMA / GZENG ABCDO387

CA = CAZ * DSQRT (THETA) ABCD0 38"

AMU = AMUZ * ALPHA / GZENG ABCD0O 383

IF (SI) GO TO 100 ABCD(Q390

GO T0 101 ABCDO331

100 T™M = TM / 1.8D0 ARCDD332
RHO = RHO * 515.379D0 ABCDC393

CA = CA * ,3048D0 ABCDN33%

AMU = AMU * 47.880258D0 ARCDN3QS

ZFT = ZFT 7/ 3.280833D0 ABCDO335

o IP IN SI UNITS: ABCDC397
c ™ DEGREES KELVIN ABCD0333
C RHO KG/M*%x2 ABCD0395
C CA M/SEC ABCDNLOD
C AMU (N-SEC) /M**2 ABCDQULD1
(o} ZFT M ABCDOLO2
121 CALL OVERFL (J) ABCDNHQI3
IF (J .EQ. 2) RETURN ARCDOLOY
K=K+ 2 ABCDIUIDS
RETURN ABCDOUOS

7 K = 2 ABCDNUNT
RETURN ABCDOUDSR

END ABCDOU4N3

Block Data

BLOCK DATA ABCDOU1D
IMPLICIT REAL*S8 (A-H,0-2) ABCDO011

C THESE ARE THE GENERALIZED MAPS FOF AN UNREALISTIC SUPERSONIC A3CDNU12
c ENGINE. THEY INCLUDE: FAN, INTFRMEDIATE FAN, COMPFESSOR, A3CHOU13
o COMBUSTOR, AND HIGH, INTERMEDIATE AND LOW TURBINES. ABCDOUL1Y
COMMON /COMDAT/ COMD(5423) ABCDOU1S
DIMENSION CNXF(15), PRXF(15,15), WACXF(15,15), ETAXF(15,15), ABCDOUL15

1 NPTF(15) ABCDOU17
DIMENSION CNXIN(15), PRXIN(15,15), WACXIN(15,1%), ETAXIN(15,15), ABCDIY13

1 NPTI(15) ARCDNULS
DIMENSION CNXP(15), PRXP(15,15), WACXP(15,15), ETAXP(15,15), ABCDOU2D

1 NPTP (15) ABCDOLZ21
DIMENSION PSIXB(15), DELXB8(15,15), ETAXB(15,15), NPIB(15) ABCDNU22

DIMENSION TFFXH(15), CNXH4(15,15), DHICYH(15,15), ETATXHU(15,15), ABCDOL23
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1 NPTTFH(15)
DIMENSION

1 NPTTFI(15)
DIMENSION C
DIMENSION

1 NPTTFL (15)

TFFXI(15),

NXI1(15,14),

CNXI(15,15),

CNXI2(15,1)

TFFXL (15) , CNXL(15,15),

DIMENSION CNXL1({15,14),

CNXL2{15, 1)

DHTZXI(15,15),

DHTCXL (15, 15),

ETATXI(15,15),

ETATXL (15, 15),

EQUIVALENCE

(CNXF (1),

coMp (1)),

(PRXF(1,1),

CoMD(16) ),

1 (WACXF(1,1),

coMp(241)),

(ETAXF(1, 1),

COMD (466) ),

2 (NCNF,

CoMD (5296)),

(NPTF (1),

COMD {5297))

EQUIVALENCE

(CNXIN(T),

COMD(631}),

{PRXIN(1,1),

COMD (706) ),

1 (WACXIN(1,1),
2 (NCNI,
EQUIVALENCE
1 (WACXP(1,1),

COMD(5312)),
(CNXP(1),

COMD (931)),

coMDp{2311)),

(NPTI (1),
CoMD (2071)),

(ETAXIN(1,1),

(ETAXP(1, 1),

COMD (1156)),

20MD (5313))
(PRXP (1, 1),

COMD (2086)),
COMD (253€)),

2 (NCNP,

COMD(5344)),

(NFTP (1),

SoMD (5345))

EQUIVALENCE (PSIXB(1),
1 (ETAXB(1,1), COMD (3001
2 (NPTB(1), COMD(5361))

EQUIVALENCE (TFFXH(1),
1 (DHTCXH(1,1),
2 (NTFFSH, COMD(5376}),

EQUIVALENCE (TFFXI(1)},
1 (DHTCXI(1,1),
2 (NTFFSI, COMD(5392)),

EQUIVALENCE (CNXI(1,1),

EQUIVALENCZ (TFFXL (1),
1 (DHTCXL(1,1),
2 (NDFFSL, COMD(3408)),
EQUIVALENCL (CNXL(1,1),
DATA NCNF, NPTF / 10,
DATA CNXF / .3, .4, .53,
DATA PSXF /

10 * 1.0, &

1.07€6, 1.34

]
C

—
.

1.1184,
1.0584,
5 x 0.0,
1.4, 1.43, :
1.2896, 1.34, 1.
1.272, 1.3312,
1.423, 1.533c,
1.568, 1C * 9.0,
DATA WACXF /
243.6, 2t6.8,
750.0, & * 0.C,
633.6, 700.2, 750.0,
433.2, 56€.4, 633.€,
340.2, 420.6, L85.4,
209.4, 259.8, 313.2,
S * 0.0, 26.4, 183.6,
693.4, 750.0, 6 * 0.0
600.0, €93.6, 749.4,
736.8, 9 * 0.0, 366.G

T N -
SN

vl
*
d a s O
. .
Ma o
- D N o
— —_ )
« e

= M E O am Ny O

T .
to~
32

- QU U

332.6,
229.3,

SO WD E W DN -

COMD (34686)) ,

cCoMD (L1S

COMD (L8UE) Y,

€,

Ul et o 2 O

~ w0

N
-

3£3.4,

5 % 2.€,
700.2,
580,38,
406.3,

’
2
b
14

COMD (274 1))
))» (NPSB,

COMD (3226))

(NPITFH (1),
COMD (3316))
£)),
(NPTTFI(1),
CNXIT(1,1))
COMD (4503))

(NPTTFL(1),
CNXL1(1,1)
3« 7, 5
Wh, W7, 3,

1.

LY
N )

L .

=
- WU
. -

1.22,
2, 1
1.

e Oy *
n =~
LW 53

* -

1.

436.3,
322.
199,
750.¢,
£33.0,
y7é6.4,
275.6
, 213,
, 383.
. 483,

27¢.C,

243.90,
15¢€.¢
*

2.¢C
£33.2

(STATXH (1,1),

(ZTATXI(1,1),

(RTATYL (1,1),

)
x

* 0.0,

2,
3 % .0,
1.244,

r (DELXB(1,1),

COMD (5360)) ,

+ (CNXH(1, 1),

COMD(5377))
,» (CNXI(1, ),

COMD (3393))
, (CNXI(1,15),
, (CNXL (1, 1),

COMD (5409))
. (CHXL{1,15
10, 8, 5
a, 1.9,

s T gy

r

1.0368, 1
1.026, 1.00
1.312, 5 * 0.C
.2192, 1.2208,
16, 1.184, 1.22
1.132, 1.189%6,
1.1, 1.108, 1
1.22u, 1.
1.3024, 1.39
1.48, 1.584,

12855,

4,

566.4,
436.8

496.8,
8, 37¢.2,
8, 253.2,

5 * 0.0, 166.8

700.2, 750.0,

553.2, €25.8,
, 393.6, L€6.8,
6, 2f5.4, 388.2
4, 4u48.2, 509.4
6, 576.6, €666.6

632.6,
310. 2,

5 « 0.0,
700.2,

Co¥D (2776)),

coMD (32061)),
COMD(3691)),

CoMD (3931)),
coMD (L381)),

SRXI2 (1, 1))

COMD (4621)),
COMD (5671)),

CNXL2(1, 1))

1.2, 5 * 0.9 /
L0648, 1.1,
, 1.0512,
. 1.0384,
1.324, 1.4,
8, 1.25,
1.2096,
.1352, 1.217s,
2864, 1.3616,
12, 1.448,

e1 % 0.0 /

1. 2552,

700.2,
566.4,
428.4,
291.6,
133.2,
750.0,
616.8,

, 499.8,
358. 2,
s 233.4,

544.8,
, ¥56.6, 528.6,
, 586.8, 683.4,
, 10 * 0.0,

1.ce8,

1.2%u4,

ABCDOU24
ABCDOU25
ABCONL2S
ABCDOL27
ABCDCL?2S
ABCDOU29
ABCDOL3)
ABCDOU 31
ABCDOL32
ABCDOU33
ABCDOL3Y
ABCDOU35
ABCDOL3SE
ABCDOU37
ABCDO4 28
ABCDOUL33
ABCDOUGLLD
ABCDO4U
ABCDNLY2
ABCDOLL3
ABCDCL4BY
ABCNHCLLZ
ABCDOULS
ABCDGUEU7?
ABCDOL4R
ABCDOLS 3
A3CDOUSD
ABCDOLST
ABCHOUS52
ARCDOURZ
ABCDNULSU
ABCDNGRES
ABCDOLSS
ABCDOUS7
ARCDOJE53
ABCDAOLS3
ABCDOUED
ABCDOUS
A3CDOU62
ABCDOLS3
ABCDO4BY
ABCDOBES
ABCDOUGS
ABCDOY457
ABCDOC468
ABCDOLEI
ABCDOL70
2BCDOLT71
ABCDO&#72
ABCDDU73
ABCDO4TY
ABCDOY475
ABCDOH475
ABCDO477
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2 342.6, 406.8
DATA ETAXF /
2 * _,75592,

s U74.0,

.75064,

553.2,

.74536,

656.4, 81

* 0.0 /

.72512,

.6281¢,

.E4152,

.56936,
5 % 0.0,
5 % 0.0,
«75592,
.80256,
.88,
.90376,

.51744,
.76648,
.75592,

5 % 0.0,

S * 0.6, .7612,
«792, .802%s6,
.79728, .82303,

3 *

5 = 77616,
.82808, .

3 * .85448,

.72%12,
7761€, 3
.82808,

3 *

.60016,

. 64152,
* 72512,

2 * 77616,

.72512,

.80256,

.7€12,

5 % 0.0,

.64152,

.804392,
.7761¢,

3 * .88,

.35888,

.82808,

2 * .62808,

2 %

.90112,

.85888,

.80784, .75064,
.9108, .90112, .88,

5 % 0.
.80256,

0, .74008
.72512,

.80
2 *

v 77516,
9 * 0.0,

784,
.90112,

.88, .85888,

.77€1¢,

.64152,

3 * 9.0,

2 x .88, 2

«74536,

10 * 0.0,

.82808,

.8272,

.81752,

.78672,

*x .32808,
.72512,

Ned O NOVE WN =

81 * 0.0 /
DATA NCNI, NP
DATA CNXIN /

I 7/ 10,
o3, U4,

DATA PRXIN

1.114, 1
1.132, 1
1.0876,

5 * 0.0,

1.5,

/

3 x
.6,

6,
05,

5 % 10
«By &

7,
o7,

. By
9, 1.0,

5% 0/

1.1,

1.2,

5 * 0.0 /

10 * 1.0,

1.72,

.066,
.1776, 1.
1.12, 1.1

1.0672,
5 % 0.

5 * 0.0,
1.156,

1.018,

24,
86,
1.1128,
0,

1.072,

1.03,

1.2448, 5 *
1.228,
1.222,

1.3,
1,174,

1.2028,

1.138,

1.0384,
0.0, 1.

1.3288,
1.28, 1.
1.198,

1.33,

1.06552, 1
o042,
1.468,
1.3312,
27¢,
1.2844,

1.06,

1.342,

.09%6, 1.
1.07€8
5 * 0.0,
1.u86, 1
1.39,
1.3144,

15,
’
1.0576,
.6,
1.1416,
1.2828,

1.43u4,
1.408,
1.642,
1.852, 10 x
DATA WACXIN /

1. 51
1.4S6

-0 MmN UE WA -

1.6004,

121.8,

143.4,

, 1.672,
8, 1.6,
1.99,
0.0,

166.8,

1.40C8,

1.81,

1.75, 1.

9 * 0.0,
1.433

191.7,

6 * 0,0

1
0

*~

87, 9
1.360,
s 1.6,

. 15,
.0,

1.453¢€,
1.72, 1.876,

1.222,
1.336,

1. 42986,
1.5868,

1.2928, 1.3264,
1.542,
1.672,

81 * 0.0 /

213.9, 249.9

. 283.2,

316.8, 3

50.1,

375.0, 5 *

0.0,

114.9, 135.0, 16

1.4, 188.1,

218.4,

2u9.9, 283.2,

316.8,
246.6,
170.1,
104.7,

389.2,
300.0,
368.4,
171.3,

N=WOWDNOUVFEWN -

5 % 0.0,

350.1,
283.2,
210.3,
129.9,
43.2
375.0,
346.8,
S * 0.
203.4,

375.0,
3.8,
242.7,
156.6,
. 91.8,

6 * 0.0,

374.7,
0,
237.0,

DATA ETAXIN /
2 *» 75592,

.75064,

5 % 0.0,
350.1,
279.3,
203.4,
120.0,
78.3,

9 * 0.0,
184.2,

216.6
276.6,

.74536,

9.3, 126.

6, 155.1,

375.0,
3156.5,
238.2,
133.3,
106.8,
191.7
s 241.8
328.2,

.72512,

5 % 0.0, 83.4,
350.1, 375.0,
276.6, 312.9,
196.8, 233.4,
133.2, 196.1,
. 224.1,
, 288.3,
81 * 0.0 /

254.7,
333.3,

179.1,
116.7,
S « 0.0,
350.1,
272.4, 3
228.3,
293.4,
10 * 0

214.2,
5.8,
66.6,

375.0,

08.4,
264.3,

1.7,
.0,

.68816,

. 64152,

«56936,
5 * 0.0,
5 % 0.0,
.75592,

.51744,
.76648,
.75592,

5 % 0.0,

5 * 0.0, .7612,
.792, .80256, 3

.79728,

.82808,

5 x ,77616,
« .82808,
3 * .g5u48,

-72512,

.60016,

3 * .54152,

.76616,

3 x 72512,

.82808, 2 *

.72512, .8C25%6,

.84392,

3 * .88,

.85888,

.7761¢,
. 82808,

.80256,
.88, .8%888,

«7612,

.80784,

5 = 0.0,

. 641
.75)64,

52,
5 = 0.0,

.77616,

2 x
.74008,

82808,
.77616,

2 *x

.90112,
.80784,

.90376,

.9108, .90112, .88,

.30256,

.72512,

g x 0.0, 2 *

.90112,

.88, .85888,

«77616,

« 64152,

9 * 0.0,

2 * .88, 2

10 * 0.0,

.82808,

.8272,

.81752,

.78672,

* .32808,
.72512,

.74536,
81 * 0.0 /

N=aaWOWONONEWN =

DATA NCNP,

NPTP / 10,

2 *5,

2 « 8,

4 * 10,

2 %8, &

DATA CNXP / .562,

.674, .787,

.B899,

1 1.236,

1.292,

5 % 0.0 /

1.0,

1.034, 1.

* 0/
067,

1.124,

DATA PERXP /

ABCDGOUT3
A3CcpoLa
ABCDOCUBD
ABCDOU481
ABCDOUR2
ABCDCU483
pBCDGLRY
ABCDOU3S
ABCDNUEBS
ABCDOMAT
ABCDOUBR
ABCDCLRS
ABCDCLID
ABCDOLS1
ABCDOUI2
ARCDOU4S3
ABCDC{IL
ABCDOUGS
ABCDOH435
ABCDCU97
A3CDOUSS
ABCDOUSS
ABCDOS503
ABCDOS501
ABCDOS502
ABCDOS93
ABCD0OSDY
ABCDOSCS
ABCDOSDE
ABCDOS07
ABCD0S303
ABCDCSRO®
ABCDO512
ABCDOS11
ABCDOS12
ABCDOS513
ABCDOS51U
ABCD0O515
ABCDC515
RBCDO®17
ABCDNDS13
ABCDOS19
ABCDNS520
ABCDO0S21
ABCDO0522
ABCDOS523
ABCDCS524
ABCD0525
ABCDO526
ABCDOS527
ABCD0528
ABCD0529
ABCD0S30
ABCDO531
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10 * 1.0, 5 * 0.0, 1.84, 1.966, 1.84, 2.008, 2.519, 2,855, 3.261,ABCD0532

N OO E WN -

1
2 1.686, 4.353, 3.765, 5 * 0.0, 2.428, 3.093, 2.68, 3.429, 3.982, ABCDN533
3 4,297, 4.759, 3.849, 7.622, 6.481, 5 ¥ 0.0, 2.869, 3.933, 3.408, ABCDOS534
4 4,605, 5.277, 5.613, 6.117, 5.466, 10.219, 9.176, S * 0.0, 3.835,ABCDO535
5 4.689, 4.521, 5.697, 6.488, 6.936, 7.454, 6.866, 11,059, 10.21%, ABCD0535
6 5 * 0.0, 4.549, 5.529, 5.445, 6.614, 7.202, 7.622, 8.308, 8.371, ABCDO0S37
7 11.899, 11.479%, 7 * 0.0, 6.313, 7.538, 8,0, 8.546, 9.218, 8.956, ABCD0S538
8 13.159, 12.711, 7 * 0.0, §.523, 7.958, 8,567, 9.134, 9.638, ABCDO0539
9 9.883, 13.656, 14.412, 9 * 0.0, 9,386, 9.925, 10.513, 10.912, ABCDO54D
1 11 = 0.0, 9.596, 10.219, 10.935, 11.815, 82 * 0.0 / ABCDOS5SH41
DATA WACXP / ABCDOSY2
51.0, 5%9.3, 70.0, 84.8, 101.7, 103.1, 114.,5, 122.9, 139.8, 146.2,ABCDO5U3
5 * 0.0, 50.2, 59.3, 70.0, 8.8, 101.7, 108.1, 114.,5, 122.9, ABCDOS5S4Y%
139.8, 146.2, 5 * 0.0, 43.5, 58.8, 70.0, 80.8 ,101.7, 108.1, ABCDOS545
114.5, 122.9, 139.8, 146.2, 5 * 0.0, 48.8, 57.9, 69.5, 84.8, ABCDOSUS
101.7, 108.1, 114.5, 122.9, 139.3, 1e6.2, 5 * C.0, u6.7, 56.7, ABCDOS47T
68.8, 84.0, 101.2, 107.6, 114.5, 122.9, 139.8, 146.2, 5 * 0.0, ABCDOSH3
44.5, 5.0, 67.9, 83.3, 1321.0, 107.1, 7T14,3, 122.9, 139.5, 186.2,ABCDOS4S
7 * 0.0, 66.4, 81.7, 100.0, 106.7, 113.6, 122.6, 135.3, 146.2, ABCDO55)
7 * 0.0, 65.7, 80.5, 99.5, 105.0, 113.3, 122.1, 139.0, 146.2, ABCDN551
9 * 0,0, 98.1, 104.5, 112.6, 121.7, 11 * 0.0, 97.4, 104.0, 112.4,ABCDN552
120.7, 82 * 0.0 / ABCD0S553
DATA ETAXP / ABCDO55Y
12 * .59082, .58566, .5805, .5719, .57C18, .55986, .53922, .47Ff44,ABCDOS55
2 .46612, 5 * 0.0, .62178, 6 * .€64242, ,57018, .60114, .57018, ABCD0O555
3 5% 0,0, .64242, .69402, .5837, 4 * ,72498, .64202, ,72498, ABCDOSS7
4 .64242, 5 *x 0.0, .65274, 2 * 72498, 4 * 77740, ,72498, ,77744, ABCDOS553
5 .72498, 5 * 0.0, .67338, .74552, .77744, 4 * _8084, .77744, ABCDO55¢9
5 .7826, .75078, 5 * 0.0, .6L242, .72898, .79292, .82904, ABCDN535)
7 3 = .83936, .8084, .77744, .75078, 7 * 0.9, .77744, .8084, ABCDOS6E1
8 2 * .86, .B4968, .82388, 2 * .72498, 7 * 0.0, .7697, .79292, ABCDO562
3 4 * .B83936, .€9918, .64242, 9 * 0.0, 4 * ,8084, 11 * 0,0, .80582,ABCDNSE3
1 .8041, .79808, .77744, 82 * 0.0 / ABCDOSS1Y
DATA NPSB, NPTB / 15, 15 % 15 / ABCDO565
DATA PSIXB / 4.9116, 9.8232, 14.735, 19.64p, 24.558, 29.47, ABCDO565
1 34.381, 39.293, 44.207, 73.674%, 100.0, 200.0, 300.0, 400.0, ABCDNS567
2 500.0 / ABCDO553
DATA DELXB ,/ 15 * 200.0, 15 * 300.0, 15 * 400.0, 15 * 500.0, ABCDOS569
1 15 * 600,0, 12 * 7C€0.0, 15 * 800.0, 15 * 900.0, 15 *= 1000.0, EBCDOS70
2 15 * 1100.0, 15 * 1200.0, 15 * 1300.0, 15 * 1400.0, 15 * 1500.0, ABCDO571
3 15 * 1600.0 / RBCDC572
DATA ETAXB/ ABCDO573
1.6, .758, .868, .925, .95, .933, 9 * 1.0, .726, .B825, .8%93, .936,ABCDOST7U
2 .966, .991, 9 * 1.0, .777, .858, .911, .946, .972, .9%2, 9 * 1.0,ABCDOS75
3 .806, .875, .925, .955, .377, .S94%, 9 * 1,0, .826, .888, .935, ABCDAN575
4 .933, .982, .995, 9 * 1.0, .843, .8B98, .942, .S569, .985, .9%7, ABCDO577
59 % 1.0, .855, .906, .947, .974, .99, .998, 9 * 1,0, .865, .312, ABCDOS73
6 .951, .%77, .99%92, .999, 9 * 1.0, .87, .54, .953, .978, .993, ABCDOS79
7 2 * ,999, 8 * 1.0, .87, .91, .953, .979, .995, 2 * ,399, ABTDOSED
8 8 1.0, .87, .915, .953, .%73, .395, 2 * .,999, 8 * 1.0, .87, ABCD0587?
9 .315, .953, .979, .935, 2 * .,999%9, 8 * 1,0, .87, .915, .953, .979,4ABCD0582
1 .995, 2 * .999, 8 * 1.0, .87, .915, .953, .97°9, .995, 2 * ,999, A3CDOSR2
2 8% 1,0, .87, .915, .953, .979, .995, 2 * .999, 8 x 1.0 / ABCDOSBY
DATA NTFFSH, NPTTFHd / 10, 9 * 15, 12, 5 * 0 / ABCDCS535
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DATA TFFXH / 39.67,
1 50.425, 50.92, 51.575,
DATA CNXH /
10 = .1872, 5 * 0.0,
.4834, .3372, .2814,
.6196, .6844, .7314,
.6942, .75, .8628,
.8442, 1.0696, .9148, .
.5628, 5 * 0.0, 1.1442,
1.3834, 1.1442, .9196,
1.3882, 1.4824, 1.501,
1.5382, 1.2754, 1.6882,
1.1254, .7362, S * 0.0,
1.9138, 1.745, 1.4638,
2.2138, 1.9794, 2.3362,
5 * 0.0, 2.15, 1.9696,
1.6746, 1.3696, .8254,
2.8706, 2.4226, 2.0, 1.
2.697, 3.0392, 2.8334,
6 * 0.0, 2.7862, 3.096,
1.8156, 1.4638, 6 * 0.0
2.101, 1.8196, 1.4676,
DATA DHTCXH /
.0032, .0038, .0046, .0
.0132, 5 * 0.0, .0057,
.0196, .0159, .018,
.0192, .0236, .0272,
.0164, .0192, .0252,
.0156, .0216, .0204, .0
5 % 0.0, .0152, .0176,
.0368, .0352, 5 * 0.0,
.0448, .0432, .04, .038
.036, .0421, 0476, .OL
.0316, .0336, .04, .0DU47
L0176, .0248, .0331,
.0476, 5 * 0.0, .0167,
.056, .0556, .0504, 5 *
.0612, .06, .0596, .058
.0596, .064, .0624, .06
L0472, .064, .0668, .O€
.0312, .049%, .0661,
DATA ETATXH /
.6219, .6068, .5764,
L4257, 5 % 0.0, 3 *
.7868, 2 * .809, 5 * .7
L8494, 4 * 809, .7665,
.8543, 4 * .8494, .809,
.8515, .8596, 3 * .8697
.8368, .8494, .8596, .8
5 % 0.0, .7422, .8302,
.809, .6178, 5 * 0.0,
.8954, .8697, .8191,
.8555, .8969, .9, .8808
.7579, .8363, .852,

.3
5

DM OD IO NEWN =2 OVONOUIFEWN -

.0

WOSNMNEWN=OOdOUEWN =
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42.99,

- 5344,
9568,

5 % 0.0,

.0308,

.0356,

.0698,

«5643,
.7078,

.7378,
. 624,

.8975,

47.46,
S« 0.0 /

372, .334
* 0.0, .5
330
.8814,
9754, 1.0
.9804, 1
.6382, &
1.5108, 1
1.5618,
1.7264%,
1. 2196,
2. 1245,
2.552, 2.
5 * 0.0,
745, 1.40
3.07¢64, 2
3.2648,
¢ 2.945,
6 ¥ 0.0 /

052,
.008,

.005
.01
.00

.J22

.031

.03,

.024, .02

L0164, .0

¢y 5 % J.0

6, .0842,

2, .051,

.oun
.23

232,

236,

.026,
0.¢, .01
.083, 5
.0€612,
.0654%,
.07,

[ 4
4,
5,

.556
5 %
073, .505

.6573,

.7078,
. 8292,
685, .331
.8409, .8
.32
5 % 0
, -8302,
.01,

48.61, 49.175, u48.6, 50.0,

2, .4362, .255, .3, .3568, .u4314,
156, .5814, .6568, .4784, .525%4,
4, 5% 0.0, 2 * .7128, .872s6,
.6754, .4686, 5 * 0.0, .9382,
932, 1.2010, 1.0226, .8068,
.2382, 1.17442, 1.2754, 1,2052,
* 0.0, 1.3138, 1.1068, 1.4638,
.2804, 1.0128, .68%92, S5 * 0.0,
1.7¢38, 1.6882, 1.6186, 1.369¢,
1.445, 1.9696, 1.801, 2.045,
7696, 5 * 0.0, 1.932u4, 1,70€8,
1.8618, 1.595, 1.2138, .R”068R,
2794, 2.645, 2.2706, 1.9558,
2.,4058, 2.2706, 2.805, 2.5138,
68, .8304, 5 * 0.0, 2.5822,
.495, 2,045, 1.801, 1,445,
3.1422, 3.152, 2.5372, 2.0824,
3 = 3.3774, 3.1618, 2.5558,

6, .0068, .008, .0088,
. -0068, .0088, .012,
84, .0113, .0144,
8, 5 * 0.0, .0108,
6, .0284, .0268, 5 * 0,0, .0133,
.0372, .0356, .033, .0314,
44, .0288, .034, .Cl16, .0392,
192, .0268, .028, .0321, .038y,
.0174, .0212, .0292, .0304,
.0412, 5 * 0.0, .0179, .0228,
.0488, .C43, .044, 5 % 0.0,
4, .0524, .0S4L, ,0528, .0524,
44, .0388, .0496, .0564, .0576,
44, .0261, .0346, .0412, .054,
x 0.0, .012, .0241, .034, .0uu1,
6 * 0.0, .0082, .0188, .0324,
.064, 6 * 0.0, .0034, .0128,
.0693, .0668, 5 * 0.0 /

.0093,
.0164,
.012, .014b,

.0136, .018L,

[ 4

2, .5209, .5062, .5051, .u3C9,
6068, .538, 4747, 5 * 0.0,
8, .5056, 5 * 0.0, .809, .8292,
535¢, 5 * 0.0, .809, .R353,
5683, 5 * 0.0, .7963, .8393,
.7463, .5941, 5 * 0.0, .7779,
3, .8797, .8494, .7776, .60€8,
575, .8662, 2 * .8899, .38596,
54, .8262, .8535, .8615, .894,
.0, .7635, 2 * ,809, .8u43%4,
.531, 5 * 0.0, .6063, .769%,
.B848, .8347, .6265, &5 * 0.0,

ABCDCS58%4
ABCDO5R7
ABCD0O583
ABCD0F89
ABCDOS2)
ABCDOSQ1
ABCD0S32
ABCDOS93
ABCDOSCY
ABCD0OS35
ABCDOE9%
ABCDOE37
ADBCDQEOR
ABCDO533
ABRCDOECOD
ABCDOF21
RBCDOARO2
ABCDOSO3
ABCDCEOY
ABCDNEDS
ABCDO6OS
ABCDNEDT
ABCDREDR
BBCDOED3
ABCDGETD
ABCDJE1T
ARCDNAR12
RBCDCE13
ABCDOFR1Y
ABCDNETS
RRCDOF15
ARCDO€17
ABCDCS13
ABCDORTS
ABCDGOE2)D
ABCDOEZ1
ABCDOF22
ABCDN€23
ARCDOF2%
ABCDO625
ABCDOF25
ABCDOE27
ABCDNE2R
ABCDOE2?
ABCDO630
ABCM2631
ABCDNE32
ABCD0633
ABCDOE3Y
ABCD0635
ABCDOE3S
ABCDOS537
ABCNDOE3]
ABCDOE33
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1
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1 6 * 3.1698,

=S O ONANFTWNDQOODNRAUV £ W -

1

3

.5309,

5% 0.0,

.8322,
.8697,
.8793,

120.0,

2 % .7078,
.6068,
L4045,

6 * 0.0,
. 809,

<4773,
6 * 0.0,
.8241,
.859,

122.676,

DATA CNXI1 /
11 * .3522, 4 * 0.0,

.7392,
.6514,
.933,

.7218,
1.4089,
1.373,

.7922,

1.7609,
1.7609,
.8983,

2.0948,
2.1479,
5 % 0.0
2.0601,
2.5531,
2.7471,

1

6 * 0.0,

2.2009,

.5808,
.7044,
.0208,
.6167,
1.1801,
1.2322,
4 * 0.0,
1.5671,
1.6722,
4 % 0.0,
1. 866,
2.1131,
2.3593,
1.6722,
2.7375,
2.6583,
2.8175,

1.

r

14
e

.8008,

278,

0296,

¢ * 0.0,
.9689,
1.4967,
1.5497,
1.1801,
1.8834,
1.9367,
1.4619,

.8262,

82.236,
125.124, 127.324,

.8L9Y,
.5652,
.5056,
.30354,

6 * 0.0 /
DATA NTFFSI, NPTTFI / 11, 3 * 15,
DATA TFFXI s 70.776,

L5124,
L4574,
. 9689,
.8452,
1.1618,
.3279,
1.4619,
1.6201,
1.0567,
1.866,
1.9723,
1.2148,

2.1652, 2.3245,

2.2715%,
1.2784, 5 * C.),
2.39439,

2.1131,

2.7471, 2.8175,

2 * 2,92217,

1.8315, 6 * 0.0 /
DATA CNXI2 /

2.51

DATA DHTCXI /

.0016,
.0054,
L0078,
.0054,
.6038,
.0107,
L0142,
.0097,
.0052,
.0159,
.019,

.014,

.0054,
.0202,
.02u1,
.0228,
.0168,
L0147,
.0068,

.0023,
L0061,
.0069,
.0062,
. 0061,
.0108,
.0135,
L0124,
.0084,

.01
.01

0199,
0159,
.0094,
5 % 0.0,

2% ,0214, 5 * 0.0,
.0251,
.0251,
.0207,
. 0173,

.025,

.0199,
.0172,
.0145,

DATA ETATXI /

.712,

.7472,

2 x
2 4% C.0,

.8,
.73,

.82, .86,

75,

. 0027,
4 * 0.0,
.007,

.0076,
. 0076,
4 * 0.0,
L0124,
L0134,
.0107,
.0151, 4 * 0.0,
.0177,
.0207,

66,
84,

. 0134,

0051

.7995,
.81,

. 84,

2.2048,

.00€9,

.0232,

.83, 4 *

.0023,
.3223,

.0121,
.0069,
345,
.0123,
.0153,
.0111,
.2254,

L0146,

14

.022
.0261,
.C267,
.021,

2 ¥

«775, .75,
.3,

.848,

. 809,

L4197,

93.u468,

.5278,
.422¢,
.7575,

.933,

.7044,

2.3245,

2.9931,

1.8401,

L2031,
.0035, .
.0075,
.J09,
.0081,
.007,
L0124,
L2155,
.0136,
. 0089,
.0164,
.0213,
L0169,
.0095, .0139, .
L0047,

-J2€3,

.028,

.345,

.8376,

6068,

12,
130.
«56
.63
1.2322,

u
1.6056,

1.5497,

.8452,
1.93€7,

1.93¢67,

.9293,
2.2, 1
2.271
2.500

1.7609,

3.0C19

6

u *
.008
.G1

4 *

.01

1, 5 *
.027€¢,
. 029,

.731,
.745,
.83,

.8494,

9,
103.468,

4 * 0.0,

1.0567,

3.0461,

.0034,

.0087,
4 * 0.0,
L0141,
.015,
.0118,

.C184,

. 0093,

.0245,

.9, .884
.896
85

<75

77917,
5865,

6/
11
4 *

o o*
536,

.4052
.70
.6167,
1. 21
1.1975,
* 0.0,
1.3915,
1.4434,
4 » 0.0,
1.7608,
1.954,
4 * 0.0,
.9897, 1.
5, 2.3274
1, 2.5089
1.2824,
s 2.U471,
3.

54,

4,

1

* 0.0/

.0038
0045, .00
0.0, .003
5, .0092,
, -0124,

.00
.0138
.0173,
.01
0.0, .005
.0191,
99, .022,
0123, .01
.C142,
.003
6 * 0
6

0.0,

.0255,
.0283,

.71,
-7,
.768,

.678
. 655,
7

. 0084,

.0287,

8,
8,
32,
84,

.598,

2.8356, 1

0.0 /
. 4304,

L
sy,
.5278,
09,
.3556, 1
1.1183,
1.6548,
1.6905,
1.3209,
2.0071,
2.1835,
5497, 1.
2.5357

[ 4
[ 4

5 % 0.0
2.1652,
1167, 2.

y ~0042,
34,
1,
.0093,
.0109, .
.0105
49, .007
.014,
0177,
24, .015
5, .0092
.0177,
.023, .
78, .021
.0161,
8, .0089
.0, .003
* C.0,
6

r

.638,
.6, U4 %
125, .67

’

.8363,

.8937,
.857,

. 7575,

.933,
1.0567,2 * 1.2322,

2.4827,

.0043,
L0047,

.6118,
.87883,

.8925,
.8896,

16.58,

.589F,

. 8279,
& * 0.0,
.7922,

.3818,
.933,
1.6722,
1.813,
1.1493,
2. 1171,
2.1305,
2505,
2.2889,
2.491%,
, 2.6981,
1.813,
5001,

14

.0047,
.0057,
L0063,
4 * 0.0,
0104,

, 0114,
6, .0098,
4 * 0.0,
.0148,

2, .0165,
, .0126,
4 * 0.0,
0196,

4, .0233,
.0189,

, -0146,
1, .0083,
.0001,

* 0.0 /

.5,
0.0,
.612,

’

ABCDCEYD
ABCDOB4
ABCDOE&Y42
ABCDORU3
BRBCDO6Y4Y
ABCDOFUS
ABCDO645S
ABCDOE47?
ABCDO5Y43
ABCDOEY3
ABCDOAR50
ABCDO651
ABCD0652
ABCDORS53
ABCDO654
ABCD0655
ABCDQESS
ABCDOES7
ABCDO658
ABCDOB53
ABCDO6EO
ABCDOE6E1
ABCDOD652
ABCDOES3
ABCDO6EY
ABCDO665S
ABCD(C655
ABCDO667
ABCDO653
ABCD0659
ABCDO670
ABCDOE71
ABCDOE72
ABCD0673
ABCDO6T74
ABCDO675
ABCDO&75
ABCDO677
ABCDO673
ABCDO679
ABCDO680
ABCD(681
ABCD0682
ABCD0683
ABCDO68Y
ABCDO685
ABCD0685
ABCDOX87
ABCDO688
ABCDO633
ABCDO0690
ABCD0691
ABCDO0692
ABCDOGB33



4 4 = 0.0, .73, .83, .863, 4 * .86, .8, .735, .685, .617, 4 * 0,0, ABCDO694
5 .714, .33, .867, .868, .875, .873, .875, .838, .769, .7, .621, ABCDGECS
6 4 * 0.0, .7, .829, .87, .873, 3 * .89, .86, .8, .711, .6258, ABCDOE35
7 4 * 0.0, .685, .81, .872, .88, .8912, .895, .893, .8712, .806, ABCDOFO7
3 .718, .625, 4 * 0.0, .673, .8, .872, .883, .894, .9, .8975, .876,ABCDOS93
9 .8225, .718, .623, 4 * 0.), .6452, .785, .87, .8835, .B955, ABCDO0699
1 .9005, .8999, .88, .8395, .717, .600%9, 4 * 0.0, .62, .76, .867, ABCDO7I)
2 .883, .897, .901, .9, .8775, .8u45, .714, S * 0.0, .6, .745, .86, ABCDC701
3 .88, .8961, .9004, .898, .876, .847, .7, 5 * 0.0, .575, .7, .85, ABCDO702
4 .874, .89, .9, .8937, .8722, .3445, .689, 5 * 0.0, .531, .68, ABCD0703
5 .83, .86, .879, 2 * .89, .866, .833, 6 * 0.0, .5, .645, .8, .835,ABCDO704
6 .8671, .88, .8799, .86, .8235, 6 * 0.0, .385, .59, .76, .82, .86,ABCDO705
7 .8735, .871, .848, .B08, 6 * 0.0 / ABCDO705

DATA NTFFSL, NPTTFL / 11, 9 * 15, 12, 9, 4 * 0 / ABCDO707

DATA TFFXL ,/ 88.47, 102.795, 116.835, 129.33, 141.045, 145.725, ABCD0703
1 150.0, 153.345, 156.405, 159.78, 163.17, 4 * 0.0 / ABCD0O709

DATA CNXL1 / ABCDO719
1 11 *= .3682, 4 * 0.0, .5335, .5518, .5911, .4237, .5065, .6164, ABCDO711
2 .7728, .6072, .5518, .4732, .%4%18, 4 * 0.0, .7365, .7919, .865%5, ABCDO712
3 .681, .7365, .8372, 1.0129, .7919, .6629, .6447, .5518, &4 * 0.0, ABCDD713
4 .9754, 1.0672, 1.0764, .3837, .9754, 1.1047, 1.2659, .9754, ABCDO714
5 .8282, .7546, .6447, # * 0.0, 1.2146, 1.2882, 1.2519, 1.1047, ABCD0715
6 2 * 1.2882, 1.4729, 1.2337, 1.0129, .8655, .7365, 4 * 0.0, ABCDO715
7 1.4173, 1.44846, 1.4354, 1.2882, 1.5647, 1.5283, 1.6785, 1.4548, ABCDO717
8 1.1691, .9754, .8282, 4 * 0.0, 1.6201, 1.6937, 1.6271, 1.509, ABCDO718
9 1.7301, 1.7482, 1.8409, 1.6383, 1.2337, 1.1047, .8837, 4 * 0.0, ABCDO71)
1 1.7673, 1.8954, 1.8409, 1.7482, 1.969, 1.9509, 2.0247, 1.8409,  ABCD0720
2 1.3809, 1.2015, .9391, &4 * 0.0, 2.0247, 2.0619, 2.0247, 2.0429, ABCD0O721
3 2.0983, 2.2133, 2.1901, 1.9529, 1.5283, 1.2701, .9715, 4 * 0.0, ABCD0722
4 2.2827, 2.2273, 2.2455, 2.2091, 2.2637, 2.4302, 2.3, 2.0801, ABCD0723
5 1.6201, 1.3073, 5 * 0.0, 2.4655, 2.3747, 2.4302, 2.3747, 2.4332, ABCDO724
6 2.651, 2.3929, 2.1537, 1.7482, 1.3365, 5 * 0.0, 2.6137, 2.6229, ABCD0725
7 2.5956, 2.6047, 2.6691, 2.8619, 2.5038, 2.2091, 1.8409, 1.3407, ABCD0725
8 5% 0.0, 2.8166, 2.872, 2.7791, 2.872, 2.9456, 3.1384%, 2.5583,  ABCD0727
9 2.2637, 1.8954, 6 * 0.0, 2.9456, 2 * 3.0555, 3.1291, 3.1846, ABCDO728
1 3.2584, 2.6137, 2.3009, 1.9147, 6 * 0.0 / ABCDO729

DATA CNXL2 / ABCDO730
16 * 3.3138, 2.6319, 2.3051, 1.9237, 6 * 0.0 / ABCD0731

DATA DHTCXL / ABCD0732
1 .0018, .0026, .0031, .0033, .0036, .0038, .0044, .0048, .0054, ABCDO733
2 .0061, .0069, 4 * 0.0, .0026, .0039, .0051, .0038, .0049, .0064, ABCDO73%
3 .0089, .0078, .008, .0073, .0336, 4 * 0.0, .0035, .0054, .0071, ABCDO735
4 .0061, .0071, .0087, .0115, .0102, .0096, .0104, .0106, 4 * 0.0, ABCDO735
5 .0044, .0069, .0087, .0078, .0092, .0113, .0141, .0124, .0119,  ABCD0737
6 .0122, .0123, 4 * 0.0, .0051, .008, .0099, .0096, .0119, .013, ABCD0733
7 .0162, .0153, .0141, .0139, .2141, 4 * 0.0, .0056, .0087, .0111, ABCDO739
8 .011, .0141, .0152, .0181, .0177, .016, .0157, .0159, 4 * 0.0,  ABCDO74D
9 .0059, .0096, .0122, .0125, .J155, .0171, .0197, .020%1, .0169, ABCDO741
1 .0181, .0172, 4 * 0.0, .0061, .0101, .01348, .0141, .0172, .0187, ABCDO742
2 .0216, .0226, .0188, .0201, .0185, 4 * 0.0, .0062, .0104, .0143, ABCDO743
3 .0159, .0181, .0209, .0235, .0242, .0209, .0217, .0201, % * 0.0, ABCDO74%
4 .0061, .0107, .0152, .01656, .0192, .0226, .025, .0261, .0223, ABCDO745
5 .023, 5 * 0.0, .0057, .0108, .0157, .0174, .0202, .0244, .0265, ABCDO745
6 .0274, 2 * .0244, 5 * 0.0, .0253, .0106, .0162, .0183, .0214, ABCDO747
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.0263,
.0296,
.0333,
.0233,

.0284, .025
.0266,
.0195,
.0164,
/
.8,
.73,
.86,

.0285,
.028¢,
.C235,
.0197,

.0259,
.0191,
.0167,
.0077,
DATA ETATXL
712, 2 *
4 * 0.0,
L7472, .82,
4 * 0.0, .73,
.714, .83, .867,
4 * 0.0, .7, .829,
4 * 0.0, .685, .81, .872, .88,
.718, .625, 4 * 0,0, .€73, .8,
L8225, .718, .623, 4 * 0.0, .645
.5005, .8999, .88, .8395, .717,
.883, .897, .501, .9, .8775, .84
.88, .8961, .9004, .8¢8, .875,
.874, .89, .9, .8937, .8722,
.83, .86, .879, 2 * .89, .8€6,
.8671, .88, .8799, .86, .823%,
.8735, .871, .84/, .808, 5
END

2 %
331

- A0 D~

75,

.3,

.7995, .775,
.81, .83, 4 *
.84, .848,
.83, .B63, 4 *
.8€8, .875,
.87, .373,

.35

€

¥ 2.0

SO UTE WN @O ® oYU £ W) -

.0299,
L0314,

Q
- r

.845,

.873,
3 %

.572,

.8445,

5 % 0.0, .00u4u,
.0279, € * 0.0,
.0289,
.0321,

1,

.032¢9,

LET8, JF
.655, .56,
L7125,
. 685,
.769,
711

.731,
LT85,
.83,
.8,
.875,
.89, .86,
€912, .895,
.883,
2, .785,
.5008, 4
.74,
o7,
.689,
P
0.9, .

.71,
e7s
.768,
.735,
.838,
.8,
.893,

14

[~
-

847,
333

*
/

Subroutine COAFBN

SUBROUTINE COAFEN
IMPLICIT REAL*8
LOGICAL SI
COMMON /COMALL/

(A-H,0-7)

CoM (1062)

DIMENSION
DIMENSION

EQUIVALENC

WORD (2)
Q(9) .,

E (WORD (1)

AWORD (2)

coM(1)), (IDES,

’

coM(3)),

.0101,
.0035,
€ * 0.0,

.0303,

.617,

’

.8712,

(IGASHYX,

.0166
. 0094
.0001,

5 * 0.0

.7,
.€258,
.306,
L8975, .e=

.8955,

L7, JR€7,
.745, .8¢

A&

ZOM (10)

(TOLALL,C0M(23)),

{W324, COM(321)), (FArZ4,

(IAFTBN,

coM(12)),

(PEDSAV,

coM (322)),
coM (325)),

(WG55, cOmM(323)),

(FARSS,

CoM(324)),

(AM6DSV,

{RG6CDS,

coM(329)),

{(P6, COM(332)), (HS,
(FAR7, COM(335)),
(PS7, COM(338)),

(T7DS, COM(342)),

(FARTSY,
v7,
(T7,

COM(32€)), (AMG,
(WG6, COM(330)),
COM(333)), (WG7,
Co% (336)}),
COM(339)), (AM7
CoM (363)), (H7

CoM(327)), (A6, COM(328)),

(T&, COM(331)),

coM(338)),
(£s7,
com (3u40)),
com (3uuyy,

£ 4

COM(337)),
(A7,
(7,

CNM(3i1)
COM(3LF)

(DPAFDS,

Z0M{(337)),

(WFA, COM(363)),

(ETAADS,

CoM(366)),

(FTAA, COM(369)),

(ETAASY,

coM(3790)),

(DPAFT, COM(371)),

(P7, COM(389)), (U7,

coM (390)),

{(VATTEN,

comuo2)),

(ICOAFB,

comM({1045)),

DATA AWORD /W4HCOAF,
WORD (1) AWORD (1)
WORD (2) AWORD (2)
0(2) 0.0D0
0(3) 0.0DC
IF (SI) GO T0
AJ = 778.26DD
AJX = 2.719D0
CAPSF = 2116.2170D)
G = 32.174049D0

100

(SI, COM(1055))
G4HEN /

1 4

14

ARCDO743
LRCDATLI
ABCDO75G

/RRCDOTE

e,

4

)

).
),

ABCNDOT52
ABCDOT7E3
ABCDO7%%
ABCDNT55
ABCD0O755
RBCDOT757
ABCDO758
ABCDOT753
ABCDCTED
ARCDNT751
ABCNDNTE2
EBCDOTE3
ABCDO764
ABCDOT755
ABCDOT6%
ABCDNTRT
ABCDNTeR
ABCDO753

ABCDCT779
ALCO0T7 7
ABCNDOT72
ABCDCTT73
ABCLDTT7Y
APCDTT73
ABCDRT7%
A3CpnsTd
L50D0773
ABCNCT772
A37TDLTS8D
ARCDCT781
ARTDCTER
IBCRNTE3
ABCDOT7RY
ABCTDIT733
ARCNCTES
ABCDO767
ABCDN7R%8
ABCDD78%
ARBCDO79D
ABCDO791
ABCD0732
ABCDO793
ABCDO73U
ABCDC785
ABCDO725
A3CDO797
ABCDO723



PRATM = 14.696D0 ABCDO793

TDEL = 2000.0D0 ABCDO0BOC

T7MAX = 400C.0DO ABCDORQ1

RA = .0252D0 ABCDOBD?2

GO TO 101 ABCDOB23

100 AJ = 1.0DO ABCDGBOY
AJX = 1:0D0 ABCDCSBOE

CAPSF = 101325.0D0 ABCDOBOS

G = 1.0D0 ABCDORD?

PRATM = 14.696DC / 101324.6D0 ABCDOREOR

TDEL = 1111.0D0 ABCDOBO3

T7MAX = 2222.0D0 ABCDOR1D

RA = 286.9D0 ABCDO®?11

161 GAJ2 = 2.0DC* G * AJ ABCDOR12
ICOAFB = 0 ABCDOE13

C*** P6DS AND AMEDS ARE SET FOR GENERALIZATION OF* AFTERBURMNER ABCDO81Y
Cx** EFFICIENCY AP GENERALIZATION ABCDO815
IF (IDES .NE. 1) GO TO 102 ABCDOS15

PEDS = P6 * PRATM ABCDOR17

AM6DS = AM6 ABCDNR 13

102 WF6 = FARSS * WG5S / (FARSS + 1.9D0) ABCDOB1G
IF (IGASMX .GT. 0) WF6 = WFf + FaR2ll = WG2L ,/ (FAR24 + 1.0DC) ABCDOR2)

WNA6 = WGE -~ WF6 ABCD0R221

C *%*% DRY LOSS ABCDOR2?2
WGBC = WG6 ¥ DSQRT(T6) / P6 ABCDNR23

IF (IDES .EQ. 1) WGECDS = WG5Z ABCDCR2¢4

DPAFT = DPAFDS * (WGKC / WG6ECDS) ARCDCOR23

IF (DPAFT .GT. 1.0D0) DPAFT = 1.°DO A3CD0A2s%

P7 = P6 * (1.0D0 - DPAFT) ABCDOR27

A7 = A€ APCDOS28

FAR6 = WF6 / WA6 ABCHN223

CALL PPOCOM (FAR6,TE,XX1,XX2,XX3,XXU,P4I6,%XX6) ARCDNEIN

WQAR = WG6 / A7 AECD2€ 31

C1 = P7 * DSQRT(G / (T6 * AJ)) * CAPSF ARCDNE 32

AM7 = AMG6 AACNDNRZ3

TS7T = 0.875D0 * Té ADCDN R33N

1 po 2 I = 1,50 ABCDOR2T
CALL PROCUM (FAR6,TS$7,CS7,8K7,2P7,3FPX7,PHIST,HS7) A3CDMQ3%

V7] = AM7 * CS7 ABCDN&37

HSCAL = H6 - V7 *%* 2 / GAJ2 AR TpNRAE

DELHS = HSCAL - HS7 A3CHOR3?

IF (DABS(DELHS) .LE. .5DO * TOLALL * HSCAL) GO TD 3 ABCDNAL"

2 T7s7 = TS7 + DELHS / CP7 LRCHNE 41
ICOAFB = 1 ARCDNRL2

GO TO 14 ARCDN Y43

3 WOAT = C1 * DSQRT(AK7 / REX7) * AM7 / (1.0DC + (RAK7 - 1.0Dp0) * ABCDNBHY
1 AM7 *%x 2 s 2,.0D0Q) ** ((AK7 + 1.0D0) / (2.0D0 * (RK7 - 1.29D0))) LBCDNRUYS

DIR = WQA / WQAT ABCDORLS

EW = (WQA - WQAT) / WQA ABCDORLT

CALL AFQUIER (Q(1),AM7,EW,0.0D0,40.0D0C,1.0D0*TOLALL,DIR,AMTT,IGO) RBCDO&H3
ICOAFB = 2 ABCDOBYD

GO TO (4,5,14), IGOD ABCDOR5D

4 AM7 = AMIT ABCDO®RS1
IF (AM7 .LE. 0.0D0O) AM7 = 1.0D-10 ABRCDNS52
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IP (AM7 .GE. 1.0D0) AM7 = 0.9DO 2BCOORS3

GO To 1 ABCDNBSY

5 PS7 = P7 / DEXP((PHI6 - PHIST) / REX7) RECD0SSE
IF (IAFTBN .GT. 0) GO TO 7 ABCD0856

C **%* NON-AFTERBURNING ABCD0B57
6 T7 = T6 ABCDORSS
WPA = 0.0DO ABCDORS?

FAR7 = FAR6 ABCDOBED

WG7 = WGE ABCDO861

IF (IDES .NE. 1 .OR. I7DS .EQ. 2.0D0) GO TO 20 ABCD0B62

C *%* AFTERBURNING ABCDO863
7 IF (IAFTBN .EQ. 2) T7 = T6 + IDEL A3CDO8EY
IF (IDES .EQ. 1) T7 = TIDS ABCDOBSS

IF (17 .LE. T6) GO TO 6 ABCDOBES

RHO65 = CAPSF * PS7 / (AJ * REX7 * TS7) ABCDNE67

PS65 = PS7 ABCD0B63

V65 = V7 ABCDOS86Q

0(2) = 0.0D0 ABCDOBTN

0(3) = 0.0DO ABCDO&71

8 IF (T7 .GT. T7MAX) T7 = T7MAX ABCDOR72
IF (T7 .LT. T6) T7 = T6 * 1.001D0 ABCDGB73

IF (SI) T7 = T7 * 9.0D0 ,/ 5.0D0 ABCDGS874

HV = (((((( - -4598317D-19 * T7) - .2034116D~15) * T7 + ABCDO875

1 .2783643D-11) * T7 + .2051501D-N7) * T7 - .2453116D-03) * T7 -  ABCDO875

2 .9433296D-01) * T7 + .1845537D+05 ARCD0877

IF (.NOT. SI) GO TO 103 ABCD0878

T7 = T7 * 5.0D0 / 9.0D0 ABCDOR7I

HV = HV * 2325.4295D0 ABCDOBSD

103 CALL THERMO (P7,HA,T7,XX1,Xx2,1,FAR6,0) ABCNOEB1
C#** TO ALTER DESIGN ABETAA MAP FROM GENERAL TO SPECIFIC MAP ABCDO832
IF (IDES .NE. 1) GO TO 9 ABCD0B83
FARTDS = (HA - H6) ,/ (HV * ETAADS) ABCDOBSY

CALL ETAAB (0.0D0,0.0D0,0.0D0,0.0D0,ETAADS, ETAASV,P6EDS,PEDSAV, ABCDOBSS

1 AM6DS,AM6DSV, IDES, FAR7DS, FAR7SY) ABCD088S

T7 = T6 A3CD0887

GO TO 20 ABCDOBBR

9 P6GS = P6 * PRATH ABCDOBSY
FARTGS = (HA - H6) / (HV * ETAADS) ABCDO83J)

DO 10 II = 1,50 ABCDOB3I1

CALL ETAAB (FAR7GS,AM6,P6GS,ETAA,ETAADS,ETAASV,P6DS,P6DSAV,AMEDS, ABCD0892

1 AM6DSV,IDES,FAR7DS,FAR7SYV) ABCDNEI3

FART = (HA - H6) / (HV * ETAR) ABCDO08OY
DELFA7 = DABS (FAR7 - FAR7GS) ABCD089YS

IF (DELFA7 .LE. 1.0D0 * TOLALL * FAR7) GO TO 11 ABCD0895

10 FARTGS = FAR7 ABCD0897
1 IF (FAR7 .GT. 0.0D0) GO ro 12 ABCDOBIS
ICOAFB = 3 ABCDO0899

CALL ERROR ABCD03ID

12 WFAX = FAR7 * WG6 ABCD0901
IF (IAFTBN .EQ. 1) GO TO 15 ABCD09)2

ERRW = (WFA - WFAX) / WFA ABCD0903

DIR = DSQRT(WFA / WFAX) ABCDO90Y

CALL AFQUIR (Q(1),T7,ERRW,2.0D),30.0D0,.5D0%*TOLALL,DIR,T7T, IGO) ABCD0905
ICOAFB = 4 ABCD0905
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14
1€

C *%%

18

20

28

28
30

GO TO (13,16,18), IGD

T7 = T7T

GO TO 8

CALL ERROR

WFA = WFAX

FAR7 = (WF6 + WFA) / WA6

WG7 = WG6 + WFA

MOMENTUM LOSS

CALL PROCOM (FAR7,T7,XX1,XX2,XX3,RTX7,PHI7,HT)
RHO7 = CAPSF * P7 / (AJ * REX7 * T7)

V7 = WG7 / (RHO7 * A7)

Q(2) 0.0D0

Q(3) 0.0D0

PS7 = PSE5 - 0.01D0

RHO7 = WG7 / (V7 * A7)

HS7 = H7 - V7 ** 2 / GAJ2

CALL THEFMO (1.0D0O,HS7,TS7,PHIS7,XX2,1,FAR7,1)
IF (TS7 .GE. 301.0D0) GO Tro 13

CALL THEFMO (1.0D0O,HS7,400.0D0,PHIS?7,XX2,1,FAR7,0)

V7 = DSQRT{GAJ2 * (H7 - HS7))
GO TO 17
PS7 = RHO7 * AJ * REX7 * TS7 / CAPSF

PS7TA = PS65 + (RHO65 * V65 *% 2 - RHOT * V7 ** 2)

DIR = DSQRT(DABS (PS7 / PS7A))
EP = (PS7 - PS7A) / PS7

CALL AFQUIR (Q(1),v7,EP,0.0D0,50.0D0,1.0D0O*TOLALL,DIR,V7T,IGO)

V7 = V7T

IF (V7?7 .LT. 100.0D0) V7 = 100.0DO

ICOAFB = 5§

GO TO (17,19,14), IGO

P7 = PS7 * DEXP((PHI7 - PHIS7) / RZX7)

CALL PROCOM (FAR7,TS7,CS7,%XX2,XX3,XXU,XX5,XX6)
AM7 = V7 / cS7

CALL THERMO (P7,H7,T7,57,XX2,1,FAR7,0)

IP (VAPTBN .EQ. 0.0D0) GI TO 31

Q(2) = 0.0DO
Q(3) = 0.0DC
WG7P = WG7
H7P = H7

P7DOT = DERIV(18,P7)

CALL THERMO (P7,H47,T7,S7,XX2,1,FAR7,0)

WG7 = WG7P ~ P7DOT * VAFTBN / P7 / (1.4D0 * BA)
U7 = H7 - AJX * RA * T7

U7DOT = DERIV(19,U07)

H7X = (WG7P * H7P - (WG7P - WG7) * U7 - U7DOT * P7 * VAFTBN /
1 T7 / RA) / WG7

ERRW = (H7 - H7X) / H7
DIR = DSQRT(DABS (H7 / H7X))

CALL AFQUIR (Q(1),T7,ERRW,0.0D0,20.000,.1DO*TOLALL,DIR,T7T,IGO)

ICOAFB = 6

GO TO (29,31,30), IGO
T7 = T7T

GO TO 28

CALL ERROR

ABCDCSD7
A3CDO90S
ARCDO9O3
ABCD0S10
ABCDO3 11
A3CD0S12
ABCDOI313
A3CDOO14
ABCD0913
ABCNDO915
ABCDOS17
ABCD0OG13
ABCDO919
ABCDN22)
ABCDOS921
ABCD0G22
ABCDO923
ABCDOO92L
ABCDOO25
ABCDCA25
ABCDQ927
ABCDONG28
ABCDO®29
ABCDO93)
ABCDNO31
ABCD0332
A3CD(C933
ABCD0OS31
ABCDNQ35
ABCD(CA36
ABCDDJ237
ABCD0OG3R
ABCDO233
A3CDOCSuN
ABCDOSI1
ABCDOSY42
ABCDNOU3
ABCDOO94Y
ABCDOO945
ABCDOA45
ABCDCOU7
ABCDO943
ABCDO343
ABCDO9590
ABCD0351
ABCDO952
ABCD(0353
ABCDO954
ABCDO095S
ABCDOD955
ABCDO0957
ABCD0958
ABCDO0S59
ABCDO096D
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ICOAFB = 0
CALL COMNOZ
RETURN

END

Subroutine COCOMB

SUBROUTINE COCOMB

IMPLICIT REAL*8 (A-H,0-Z)

LOGICAL SI, FXM2CP

COMMON /COMALL/ COM(1062)

COMMON /COMDAT/ COMD(5423)

DIMENSION WORD (2), PSIXB(15),
NPTB(15)

DIMENSION Q(9), DUMBO(15,15),

EQUIVALENCE (WORD(1), CoM (1)),
(MAPEDG, COM(22)), (TOLALL, C2
coM(153)), (WA3, coM(154)), (4
(H4, COM(157)), (S&4, COM(158))
(FAR4, COM(160)), (TS0, COM(16
(S50, COM(163)), (WG50, COM(16
(PCBLHP, COM(166)), (PCBLIP, =
(PCBLDU, COM(169)), (PCBLOB, T
(ETATHP, COM (172)), (DHTCHP, C

DEL¥B(15,15), ETAXB(15,15),

AWORD (2)

(IDES, COM(3)), (MODE, CO%(6)),

¥(23)), (T3, coM(1
A3CDS, COM(155)),
., (WG4, COM(159)),

52)), (43,
(T4, coM(156)),

)., (H50, COM(162)),

%)), (FARS50, COM(1
M (167)), (PCBLLP,

65)),
coM(168)),

oM (170)), (CNHP, COM(171)),
% (173)), (DHTC, COM(174)),

(TFFHP, COM(175)), (ETABCF, COM(179)), (ETABDS,

(WFBDS, COM(185)), (ETAB, COM(
(NPB, COM(192)), (BLC, COM(193
(DPCOM, COM(198)), (P3, COM(37
(U4, COM(382)), (P50, COY(383)
(ISPOOL, COM(1044)), (ITRAN, C
(FXM2CP, COM(1059))

EQUIVALENCE (PSIXB(1), CIMD(27
(ETAXB(1,1), COMD(3001)), (KPS
(NPTB (1), COMD(5361))

DATA AWORD /4HCOCO, 4HMB /

WORD (1) = AWORD (1)

WORD(2) = AWORD(2)

IF(SI) GO TO 100

RA = .0252D0

AJ = 2.719D0

TMAX = 40600.0DO

TMIN = 1000.0DO

GO TO 101

RA = 286,9D0

AJ = 1.0D0

TMAX = 2222.0D0
TMIN = 555.5D0
Q(2) = 0.000
Q(3) = 0.0D0O

P3PSI = 14.696D0 * P3 ,
IF (SI) P3PSI = .14504D~3 * P3
WA3C = WA3 * DSQRT(T3) / P3PSI

190)), (WAC, COM(1
)), (DPCODS, COM(1
9)), (P4, COM(381)

com(184)),
91)) .,
97)),

),

), (VCoMB, COM(398)),
oM(1049)), (SI, COM(1255)),

61)), (DELXB(1,1),
B, COMD(5360)),

COMD (2776)),

ABCD0961
ABCDO0962
ABCDO953
ABCDOY96Y
ABCD0965
ABCDO096¢S

ABCD0S%67
ABCDO968
ABCDO953
ABCDO0970
ABCDO0S71
ABCDOS72
ABCDO0973
ABCDNO974
ABCDOS75
ABCD0O975
ABCDO977
ABCDC978
ABCD0973
ABCDO0980
ABCD0981
ABCD0982
ABCD(C983
ABCDO98Y
ABCDOS8S
ABCD0985
ABCDO987
ABCDO09838
ABCDG983
ABCDOSSD
A3CD0991
ABCD0992
ABCD(CO92
ABCDO99Y4
ABCDO0S95
ABTDO235
ABCDOO9Q7
ABCDO933
ABCDO999
ABCD1CO?
ABCD1001
ABCD1002
ABCD1CO3
ABCD10D4
ABCD1005
ABCD1005
ABCD1007
ABCD1003
ABCD1009
ABCD10120
ABCD1011
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IF (SI) WA3C = WA3 * DSQRT (T3) / P3

IF (IDES .EQ. 1) WA3CDS = WA3Z

DPCOM = DPCODS * (WA3C / WA3CDS)

IF (DPCOM .GT. 1.0D0) DPCOM = 1.0DO

P4 = P3 * (1.0D0 -~ DPCOM)

IF (IDES .EQ. 1 .AND. MODE .EQ. 2) T4 = (FMAX + TuIN) / 2.0
IF (ITRAN .EQ. 1 .AND. MODE .E). 2) CALL FCNTRL

IF (T4 .GT. TMAX) T4 = TMAX

IF (T4 .GE. TMIN) GO TO 2

T4 = TMIN

IF (MODE .EQ. 1) MAPEDG = 1

DTCO = T4 - T3

IF (SI) DTCO = DTCO * 9.0D0 / 5.0DO

P3PSIN = P3PSI

CALL SEARCH (-1.0D0,P3PSIN,DTCO,ETAB,DUMNY,PSIXB(1),NPSB,
1 DELXB(%,1) ,ETAXB(1,1),DUNBO(1,1),NPTB(1), 15,15, IGO)

IF (IGO .EQ. 7) CALL ERROR

IF (IDES .NE. 1) GO TO 4

ETABCF = ETABDS / ETAB

ETAB = ETABCF * ETAB

IF (SI) T4 = T4 * 9,0D0 / 5.0D0

HV = (((((( - -4594317D-19 * T4) - .2034116D-15) * T4 +
1 .2783643D~11) * T4 + .2051501D-07) * T4 - .2453116D-03) * T4 -
2 .9433296D-01) * T4 + .1845537D+05

IF (.NOT. SI) GO TO 3

T4 = T4 * 5,000 / 9.0DO

HV = HV * 2325.4295D0

CALL THERMO (P4,HA,T4,XX1,XX2,0,0.0D0,0)

FAR4 = (HA - H3) / (HV * ETAB)

IF (FAR4 .LT. 0.0D0) FAR4 = 0.0DO

WFBX = FAR4 * WA3

IF (MODE .NE. 2) GO TO 7

ERRW = (WFB - WFBX) / WFB

DIR = DSQRT (WFB / WFBX)

CALL AFQUIR (Q(1),T4,ERRW,0.0D0),20.0D0,.1D0%TOLALL,DIR,TUT,IGO)
G0 TO (5,8,6), IGO

T4 = T4T

GO 10 1

CALL ERROR

WFB = WFBX

IF (IDES .EQ. 1) WFBDS = WFB

CALL THERMO (P4,H4,T4,SL,XKX2,1,FARS,0)

WGlh = WFB + WA3

IF (VCOMB .EQ. 0.0D0) GO TO 21

0(2) = 0.0D0O

Q(3) = 0.0D0O
WGHP = WGHY
H4P = HY

P4DOT = DERIV(10,P4)

CALL THERMO (P4,H4,TH,S4,XX2,1,PARL,0)

WG4 = WGUP -~ PLDOT * VCOMB / T4 / 1.4D0 / RA
U4 = H4 - AJ * RA * T4

U4D0T = DERIV(11,U4)

ABCD1012
ABCD1013
ABCD1014
ABCD1015
ABCD1015
ABCD1017
ABCD1013
ABCD1013
ABCD1020
ABCD1IO21
ARTD1C22
RARCD1N23
ABCD1024
ABCD1025
ABCD1025
ABCD1027
ABCD1028
ABCD1029
ABCD1030
ABCD10231
ABCD1032
ABCD1233
ABCD1034
ABCD1N35
ABCD1N36
ABCD1037
ABCD1038
ABCD1033
ABCD1CUO
ABCD1041
ABCD1042
ABCD1043
A3CD10U4Y
ABCD104L5
ABCD10Y45
ABCDI104T
ABCD1048
ABCD1042
ABCN1050
ABCD 1051
ABCD1052
ABCD1N53
ABCD10CSY
ABCD1055
ABCD1056
ABCD1057
ABCD1058
ABCD1N59
ABCD1060
ABCD1C61
ABCD1062
ABCD1063
ABCD10gY

H4X = (WGYP * HUP - (WGLP - WGY) * U4 - ULDOT * P4 * VCOMB / TU / ARCD1065S
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20
21

22

(@}
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1 RA) / HWGH

ERRW = (H4 - H4X) / HU4

DIR = DSQRT (DABS (H4 / HU4X))

CALL AFQUIR (Q(1),T4,ERRW,0.0D0,20.0D0,.1DO*TOLALL,DIR,T4T,IGO)
Go TOo (19,21,20), IGO

T4 = TU4T

GO TO 18

CALL ERKOR

PCBLUS = 1.0 - PCBLHP - PCBLIP ~ PCBLLP - PCBLOB - PCBLDU

IF (PCBLUS .LT. .00001D0) GO IO 22

BLUS = BLC * PCBLUS

IF (BLUS .LT. (.0000001D0 * WAZ)) GO TO 22

FARY4 = FARS * WGL / (WGH + BLUS * (1,0D0 + FARL))

H4 = (H4 * WG4 + H3 * BLUS) / (WGYH + BLUS)

WG4 = WGU + BLUS

CALL THERMO (PY,H4,T4,SU,XX2,1,FARL,1)

IF (IDES .EQ. 1) WRITE (6,10) WA3CDS,ETABCF

IF (FXM2CP .OR. ISPOOL .EQ. 1) GO TO 9

CALL COHPTB

RETURN

PS50
H50
TS50 = T4

S50 = sS4

FARSO = FARL

W350 = WGl

S.T HIGH PEESSU®Z TURBTNE
TFFAP = G.0DO

CNHP = 0.0DC

DHTC = $.0DO

DHTCHP = 0.0DO0

ETATHP = 0.CDO

IF (FXM2CP) CALL COIPTB
IF RUNNIEG 1 3POOL TJ GO TO COHPTE
IF (.NOT. FXM2CP) CALL COUPTE
RETUBN

pa
HY4

PAFRMETFRS TO ZERO, NOT USED

TO ZERC OUT COIPTB

7X, 8H WA3CDs=, F15.8,

FOEYAT (17HOCOMBUSTOR DESIGN,
1 E15.3)
END

Subroutine COCOMP

SUBROUTINE COCOMP

IMPLICIT REAL*3 (A-H,0-7)
LOGICAL SI, DUMSPL, FXM2CP, AFIFAN, FAN

COMMON /COMALL/ COM(1062)

COMMON /COMDAT/ COMD(5423)

DIMENSION WORD(2), ERR(9), CNXP(15), PRXP(15,15), WACXP(15,15),
1 ETAXP(15,15), NPTP(15)

DIMENSION Q(9), WLH(2,2), AWORD(2)

EQUIVALENCE (WORD(1), COM(1)), (IDES, COM(3)), (MODZ, COM(6)),

8H ETABCF=,

ABCD1066
ABCD1057
ABCD1068
ABCD1069
ABCD1070
ABCD1071
ABCD1072
ABCD1073
ABCD107u
ABCD1075
ABCD10756
ABCD1077
ABCD1073
ABCD107Q
ABCD1£32D
ABCDI1C81
ABCD1IN{2
ABCD1NR3
ABCD1084
ABCD108S
ABCD10R*
ABCD10B7
ABCD10E"
ARCD10E"
AECD173)
ABCD1091
ABCD1002
ABCD1NC3
ABCD1NGY
ARCD109%
A3CD193¢%
ABCD1097
AECD1033
ABCD1099
ABCD110D
ABCD1101
ABCD1102
ABCD1103
ABCD1104
ABCD1105
ABCD1106
ABCD1107

ABCD1108
ABCD1103
ABCD1110
ABCD1111
ABCD1112
ABCD1113
ABCD1114
ABCD1115
ABCD1116



B )

100

101

(MAPEDG, COM(22)), (TOLALL, COM(23)), (ERR(1), COM(24)), (T2,

oM (92)), (T3, COM (152)), (H3, COM(153)), (WA3, COM(154)),
(PCBLHP, COM(166)), (PCBLIP, ZO0M(167)), (PCBLLP, COY(168)),
(PCBLDU, COM(169)), (PCBLOB, ZOM(170)), (WAC, COM(191)),
(BLC, COM(193)), (T21, COM (263)), (H21, COM(264)),

(521, COM(2565)), (WA21, COM(266)), (T21DS, COM(267)),
(T22, COM(268)), (WA22, COM(259)), (S3, COM(270)),

(WA32, COM(271)), (PRCCF, COM(294)), (ETACCF, COM(295)),

(WACCF, COM(296)), (PRCDS, CO%(297)), (ETACDS, COM(298)),

(WACDS, COM(299)), (zZC, COM (300)), (PCNC, COM(301)),

(PCBLC, COM(302)), (PCNCDS, COM(303)), (PCBLI, COM(304)),

(PCBLID, COM(305)), (CNC, COM(306)), (PRC, COM(307)},

(ETAC, COM(308)), (CNI, COM(309)), (WACI, coM(310)),
(WAI, COM(311)), (BLI, COM(312)), (BLHP, COM(313)),
(BLIP, COM (314)), (BRLLP, -OM(315)), (BLF, COM(316)),
(BLDU, COM(317)), (BLOB, COM(318)), (WAF, COM(319)),
(WACC, COM(320)), (P21, COM(377)), (P3, CON(379)),
(U3, COM{380)), (VCOMP, -OM(397)), (WACP, COM(422)),
(ISPOOL, COM(10u84)), (SI, COM(1355)), (DUMSPL, COM(1057))

EQUIVALENCE (FXM2CP, COM(1059)), (AFTFAN, COM(1060)),

1 (FAN, COM(1061))

EQUIVALENCE (CNXP (1), COMD(2071)), (PRXP(1,1), COMD(2086)),
1 (WACXP(1,1), COMD(2311)), (ETAXP(1,1), COMD(2536)),

2 (NCNP, COMD(5344)), (NPTP(1), COMD(5345))

DATA AWORD, WLH /UHCOCO, Y4HMP , 4H (LO, 4H) , UH (HI, U4H)
WORD (1) = AWORD (1)

WORD (2) = AWORD (2)

IF (SI) GO TO 100

TSTD = 518.668D0

PSTD = 1.0DO

RA = .0252D0

AJ = 2.719D0

GO TO 101

TSTD 288.149D0

PSTD = 101325.0D0

RA = 286.9D0

AJ = 1.0DO

THETA = DSQRT(T21 / TSTD)

DELTA = P21 / PSTD

IF (IDES .NE. 1 .AND. .NOT. FXN2CP) GO TO 2

IF (IDES .NE. 1) GO TO 1

WACDS = WAC

WACC = WAC * THETA / DELTA

IF (FAM2CP) GO TO 1

PCNC = PCNCDS * THETA

GO TO 2

SPEEDS OF MIDDLE AND INNER SPODL ARE THE SAME

SPDMID = CNI * DSQRT (T22 / TSTD)

IF (AFTFAN) SPDMID = CNI &« DS)RT(T2 / TSTD)

CNC = SPDMID / THETA

PCNC = 100.0D0 * THETA * CNC

IF (IDES .EQ. 1) PCNCDS = PCNZ / THETA

CNC = PCNC / (100.0D0 * THETA)

IP (2C .LT. 0.0D0) 2ZC = 0.0DO

SOVWONOOTUNFEF W OOV E WN -

ABCD1117
ABCD1118
ABCD1113
ABCDT1120
ABCD1121
ABCD1122
ABCD1123
ARCD112%
ABCD1125
ABCD1126
ABCD1127
ABCD1128
ABCD1123
ABCD1130
ABCD1131
ABCD1132
ABCD1133
ABCD113%
ABCD1135
ABCD1135
ABCD1137
ABCD1138
ABCD1133
ABCD1140
ABCD1141
ABCD1142
ABCD1143
ABCD1144
ABCD1145
ABCD1145
ABCD1147
ABCD1143
ABCD1149
ABCD115)
ABCD1151
ABCD1152
ABCD1153
ABCD115%
ABCD1155
ABCD1156
ABCD1157
ABCD1158
ABCD1153
ABCD1160
ABCD1161
ABCD1162
ABCD1153
ABCD1164
ABCD1165
ABCD1165
ABCD1167
ABCD11568
ABCD1169
ABCD1170

61



IF (2C .GT. 1.0D0) 2C = 1.0DO ABCD1171

CNCS = CNC ABCD1172
IF (ISPOOL .EQ. 1) GO TO 12 ABCD1173
CALL SEARCH (ZC,CNC,PRC,WACC,EPAC,CNXP(1),NCNP,PRXP(1,1), ABCD1174
1 WACXP(1,1) ,ETAXP(1,1),NPTP(1),15,15,IG0) ABCD1175
Go TO 13 ABCD1175
PRC = 1.0D0 ABCD1177
FTAC = 1.0DO ABCD1173
WAC = WA21 ABCD1173
WACC = WAC * THETA / DELTA ABCD118)
CNC = 1.0DO ABCD1181
PRCCF = 1.0D0 ABCD1182
IF (MODE .LEQ. 1) GO TO & ABCD1183
IF ({(CNC - CNCS) .GT. .5D0 * TILALL * CNC) MAPEDG = 1 ABCD1184
IF (IGO .EQ. 1 .OR. IGO .EQ. 2) WRITE (8,9) CNCS,WLH(1,I30), ABCD1135
1 WLH(2, IGO) ABCD1186%
WAZ = WACC * DELTA / THETA ABCD1137
I? (IDES .NE. 1) GO TO 5 ABCD118°9
T21DS = T21 ABRCD1183
IF (ISPOOL .GE. 2) PRCCF = (PRCDS - 1.0D0) / (PRC - 1,0D0) ABCD1132
ETACCF = ETACDS / EBTAC ABCD1191
IF (ISPOOL .EQ. 1) ETACCF = 1.000 ABCD1132
WACCF = KACDS / WAC ARCD1133
WRITE (6,10) PRCCF,ETACCF,WACCF,T21DS ARCD1134
PRC = PRCCF * (PRC - 1.0D2) + 1.0DJ ABCD1195
ETAC = ETACCF * ETAC ABCD1135
WAC = WACCF * WAC ABCD1197
WACP = WAC ABCD1133
IF (.NOT. DUMSPL .OR. PCBLID .NE. C.ODPC .OF. .NOT. FAN) GO T2 & ABCD119%
WA22 = WAC LBCD1200
WAL = WA22 ABCD1201
WACI = WACC * WACCF EBCD1202
WA32 = WAI - WAC ARCD12C3
BLI = WA32 A3CDI1204
WAZ21 = WAC ABCD1295
WACC = WACC * WABCCF ABCD120+
PCBLI = BLI / wAI ARCD1207
CALL WDUCTI1 ABTDIDNE
IF (PCELID .EQ. 0.0DP0) wRE(7) = (WAC - WAI) / WAC ABCD120?
IF (.NOT. FaN) EPE(5) = (WAF - WAC = BLF) / WAC ABCD1212
IF (IDES .EQ. 1 .AND. PCELID .ED. N.ODQ) LFEFP(7) = 1.0D-U RBCD1211
CALL THCUXP (PRC,XTAC,T21,921,521,P21,73,43,53,P2) ABCD1212
IF (VCOMP ,gD. 0.0DC) GO TH 21 ABCD1212
0(2) = 0.0LC ABCD1214
0(3) = 0.2D0 ABCD1218
H3F = HJ3 ABCD121%
P30OT = DERIV(8,P3) ABCD1217
CALL THEP“D (P3,H3,T73,53,%x%x2,0,C.0DC,0) ARCD1213
WAL = WACP - P3DOT * VCGMP / T3 / 1.4DD / RA ABCD1217
U3 = H3 - aJ * R3 * T3 ABCD1227
U3LOT = DERIV(9,U3) A3CD1221
H3X = (WACP * H3D - (WACP - WAZ) = (2 - 1M2D0T * D3 % yCOMP / T3 / ARCD1222
PRTD1223

1 RA) / WAC
IRRW = (H3 - H3X) / u2 A3CD122Y
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DIR = DSORT (DABS (H3 / H3X))

CALL AFQUIR (Q(%),T3,ERRW,0.0D0,20.000,.1D0*TOLALL,DIR,T3T,IGO)
GO0 To (19,21,20), IGO

T3 = T3T

GO TO 18

CALL EREOR

IF (PCBLC .GT. 0.0DO) BLC = PCBLC * WAC

WA3 = WAC - BLC

BLDU = PCBLDU * BLC

BLOB = PCBLOB * BLC

BLHP = PCBLHP * BLC

BLIP = PCBLIP * BLC

BLLP = PCBLLP * BLC

IF (MODE .NE. 1) GO TO 7

IF (DABS (CNC - CNCS) .LE. 1.0D0 * TOLALL * CNCS) GO T0n 8
WRITE (8,11) CNCS,CNC

CALL ERROR

PCNC = 100.0D0 * THETA * CNC

CALL COCOMB

RETURN

FORMAT (19HO* * * CNC OFF MAP,F10.4,2X,AU,A2,11H% * *$$55$5)
FORMAT (18HOCOMPRESSOR DESIGN,6%X,8H PRCCF=,E15.8,8H ETACCF=,

1 E15.6,8H WACCF=,E15.8,84 T21DS=,E15.8)

FORMAT (10HOCNC WAS= ,E15.2,11H AND NOW= ,E15.8,12H CHECK PCNC
1 12H INPUT$$$3$3)

END

Subroutine CODUCT

SUBROUTINE CODUCT

IMPLICIT REAL*8 (A-H,O0-7)

LOGICAL SI, AFTFAN

COMMON /COMALL/ COM{1062)

DIMENSTION WORD(2), ERR(9)

DIMENSION Q(S), AWORD1(2), AWORD2(2)

EQUIVALENCE (WORD(1), COM(1)), (IDES, COM{3)), (IFASMX, COM(17)),

(IDBURN, COM{(11)), (IDCD, COM(13)), (IDSHOC, COM(15)),
(NOZFLT, COM(17)), (TOLALL, CO%M{23)), (ERR{1), CoM(2u4)), (P1,
cCoM(33)), (H22, coM{(34)), (AM23, ZOoM(35)), (WA23DS, CZOM(36)),
(T23, COM(37)), (P23, COM(3%)), {(H23, COM(3%)), (523, COM(40)
(A24, cCOM(41)), (T28, COoM{(u2)), (2L, COM(U3)), (S24, COM{bu)
(AM25, COM(45)), (T25, COM(uA)), (P25, COM(47)), (i25, COM (48
(525, COM (49)), (A28, COvM(50)), (A28SAvV, COM(51)),

(AM28, CcoM(52)), (v28, CcOoM(53)), (Ts28, CoM(54)),

),
) v
))

(528, COM(59)), (A29, COM(60)), (A29SAV, COM(E£1)),
(AM29, cOM(62)), (V29, cOM(63)), (TS29, CO¥(E4)),
(PS29, COM(65)), (T29, CIO%(E€)), (P29, COM(ET)),
(529, COM(69)), (BYPASS, COM(7C)), (WAD, COM(71)
(FFD, COM(72)), (ETAD, COM (73)), (DPDAC, CCM(7t)

(
r
L4
(DPDUDS, COM(75)), (H3, ZOM(153)), (WAC, TOM(121))

)
)
)

14

14

14

(ps528, CcoM(55)), (T28, COM(56)), (P28, COM(57)}, (H28, COM(58)),

H29, COM(€8)),

ABCD1225
ABCD122%2
ABCD1227
ABCD1228
ABCD1229
ABCD1232
ABCD1221
ABCD1232
ABCD1233
ABCD12314
ABCD1235
ABCD123¢6
ABCD1237
ABCD1238
ABCD1232
ABCD12LO
ABCD1241
ABCD1242
ABCD12u43
ABCD120%
ABCD1245
A3CD124F
ABCD1247
ABCD1243
ABCD12u9
ABCD125)
ABCD1251
ABCD1252
ABCD1253

A3CD1254
ABCD12%E
ABCD125¢
ABCD125%7
A3CD1288
ABCD12%9
ABCD125)
ABCD125%1
A3CD12€2
ABCD12513
ABCD12fY
ABCD12€S
ABCD12€5
ABCD12&7
A3CD1253
A3CD126°
ABCD1270
ABCD1271
ABCD1272
ABCD1273
ABCD1274
BABCD1275
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64

7
9
3
1

1

(PCBLID, CCM(305)), (WAI, CONM(311)), (BLF, COM(316)),
(BLDU, COM(217)), (WAF, COM(313)), (WG24, COM(321)),
(FAR24, COMK(322)), (P22, TOM(375)), (P24, COM(391)),
(U24, COM(332)), (VFDUCT, COM(403)), (ICODUBC, COM(1046))
EQUIVALENCE (ITRAN, COM(1049)), (SI, <o (105%)),
(AFTFAN, COM(1060})
DATA RAWORD1, AWOQRD2 /LHCODU, %HCT , LHDNO?, UHZL /
WOED (1) = AWORD1(1)
WORD (2) = AWORD1(2)

0(2) = 0.0D0

0(3) = 0.CDC

GG = 0.0D0

IF (SI) SO TO 100
AJ = 778.26D0

AJX = 2.719D9
CAESF = 2£11.217CDO
5 = 3z.17u4lu49D0
T3ID = 512.€7DC
TDEL = 2000.0DO
TMAX = 400C.ODC

RA = .(252DC

50 TO 101

AJ = 1.0D0

AJX = 1.0D0
CAPSF = 1013235.(DC

G = 1.0D0

TSTDH = 23%.120C

TDEL = 1111.00C

TMAX = £222.007

R4 = 286.9DC

GAJ2 = 2.0DC *= G * AJ

ICODUC = C
WAX = WAF - WAI - BLF

IF (PCELTD .F). C.CDO) WAX = WAF - WAC - BLF

IF (AFTFAN) WAX = WAF - BLF

WAD = WAX + BLDU

P23 = P22

DRY LOSS

H23 = (BLDU * H3 + WAX * H22) / WAD

CALL THEkKMO (P23,H23,T23,S23,XX2,1,C.0D0, 1)

WA23C = WAD * DSQRT(T23) / P23

IF (IDES .EQ. 1) WA23DS = WA23C

BYPASS = (WAF - WAI) / WAI

IF (AFTFAN) BYPASS = WAF / WAL

DPDUC = DPDUDS * (WA23C / #A23DS)

IF (DPDUC .GT. 1.0D0) DPDBUC = 1.0D0

P24 = P23 * (1.0D0 - DPDUC)

CALL PROCOM (0.0DO,T23,XX1,XX2,XX3,XX4,PHI23,XX6)
IF (IGASMX .GT. 0) TIDBURN = 0

AM24 = AM23 :

TS24 = T23 * 0.875D0

po2 I=1,50

CALL PROCOM (0.0DO,TS24,CS24,AK24,CP24, REX24,PHIS24, HS24)
V24 = AM24 * CS24

ABCD1275
ABCD1277
4BCD1273
ARCD1279
ABCD128D
ABCD1281
ARCD12832
ABCD1233
ABCD1284
ABCD1235
ABCD1285
ABCD1287
ARBCD1288
ABCD1283
A3CH1297
ABCD1231
ABCD1292
A3BCD12S3
ABCD129Y
A3BCD1235
ABCD129¢
ABCD1297
ABCD1298
A3CDH1223
ABCD13C?
ABCD1301
ABCD1302
ABCND1303
ABCD1304
ABCD1303
ABCD1305
ABCD13)7
ABCD1308
ABCD1303
ABCD131D
ABCD13M
ABCD1312
ABCD1313
ABCD1314
ABCD1315
ABCD1315
ABCD1317
ABCD1313
ABCD1313
ABCD1320
ABCD1321
ABCD1322
ABCD1323
ABCD1324
ABCD1325
ABCD1325
ABCD1327
ABCD1328
ABCD1329



HSCAL = H23 =- V24 ** 2 / 3aJ2 ABCD133)

DELHS = HSCAL - HS24 ABCD1331

IF (DABS(DELHS) .LE. 1.CD) = TOLALL * HSCAL) GO TO 3 ABCD1332

2 TS24 = TS2L + DELHS / CEP24 ABCD1333
ICODUC = 1 ABCD1334

GO TO 11 ABCD1335

3 C1 = P24 * DSQRT(R / (T23 & 2J)) * CAPSF ABCD13356
AK24M1 = AK24 - 1.0DO ABCD1337
RK24P1 = AK24 + 1.0DO : ABCD1338

AKM1 = AK24M1 / 2.0DC ABCD1333

AKP1 = AK24P1 ,/ 2.0DO ARCD134)D

IF (IDES .NE. 1) GO TO &4 ABCD 1341

IF (GOGO .GT. 0.0D0) GO IC 4 ABCD1342

ASTOA = RAKE1 ** (AKE1 / RK2LM1) * AM24 * (1.0D0 + AKM1 = ABCD1343

1 AM24 *% 2) %% (- AKP1 / AK2UM1T) ABCD1344
EQWCR = DSQRT(G * AK2% / REX2L / AJ) / (DSQRT(TSTD) / CAPSF) * ABCD1345

1 (2.0D0 / AK24P1) ** (AKP1 / AK24M1) ABCD1345
WA23CC = WA23C / DS)QPT{(TSTD) ABCD1347

A24 = 1.0D0 / ASTNA * WAE23CC / EQWCR ABCD1343

GO30 = 1.0D0 ABCD1349

4 WOA = WAL / A24 ABCD1359
WQAT = C1 * DSORT (AK24 / RLX24) * AM24 ,/ (1.0D0 + AKM1 * AM24 %% ARCD1351

1 2) *=% (AKP1 / AK24M1) ABCD1352

DIR = WQA / WOQAT ABCD1353

EW = (WQA - WOQAT) / WOA ABCD1354

CALL AFQUIR (Q(1).,4aM24,LW,0.(DR,3M.000,1.CD0*TOLALL,DIR,AM2UT,TGO)ABCN1355
ICODUC = 2 A3CN1356

GO TO (%5,6,11), IGO ABCD1367

5 AM24 = AM24T ABCND1353
IF (AM24 .GT. 1.0D0) AM24 = 0.5D0 A3CD1383

GO TO 1 ABCD1362

6 PS24 = P24 / DEXP((PHI23 - PHI524) / PEX24) ABCD1361
7 IF (IDBURN .GT. 0) GO TO 8 ABCD1362
C**%x NON-DUCT BURNING A3CD1363
T24 = T23 ABCD13€Y

WFD = 0.0DO ABCD1355

FAR24 = 0.0DO A3CD1365

GO TO 17 ABCD1367

8 IF (IDBURN .EQ. 2) T24 = T23 + TDEL ABCD1368
9 IF (T24 .GT. TMAX) T24 = TMAX ABCD13€9
IF (T24 .LT. T23) T24 = T23 ABCD1370

C*%%x DUCT BURNING ABCD1371
RHO42 = CAPSF * PS24 , (AJ * REX24 * TS2U) ABCD1372

PS42 = PS28 ABCD1373

V42 = V24 ABCD1374

Q(2) = 0.0D0 ABCD1375

Q(3) = 0.0DO ABCD13756

IF (T24 .LT. T23) T24 = T23 * 1.001D0 ABCD1377

C ®** IF DESIRED, ENTER CALCULATIONS FOR ETAD HERE ABCD1378
IP (SI) T24 = T24 * 9.0D0 / 5.0DO ABCD1379

HV = (((((( - .4594317D-19 * T24) - ,2034116D-15) * T24 + ABCD1339

1 .2783643D-11) * T24 + .2051501D-07) * T24 - .2453116D-03) * T24 ABCD1381

2 - .9433296D-01) * T24 + .1845537D+05 ABCD1382

IF (.NOT. SI) GO TO 102 ABCD1333
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T24 = T24 * 5,.0D0 / 9.0DO ABCD138#4
HVY = HV * 2325,4295D0 ABCD1385
102 CALL THERMO (P24 ,HA,T24,%XX1,XX2,0,0.0D0,0) ABCD1386
FAR2Y4 = (HR - H23) ,/ (HV * ETAD) ABCD1387
IF (FAR24 .LT. 0.0DO0) FAR24 = 0.0DO ABCD1388
WFDX = FARZ24 * WAD ABCD1389
IF (IDBURN .NE. 2) GO TO 12 ABCD139)
ERRW = (WFD - WFDX) / WFD ABCD1391
DIR = DSQRT(WFD / WFDX) ABCD1392
CALL AFQUIR (Q(1),T24,EREW,0.0D0,20.0D0,,1D0O*TOLALL,DIR,T24T,I50) ABCD1333
ICODUC = 3 A3BCD1394
GO TOo (10,113,111, IGO ABCD1385
10 T24 = T24T ABCD1395
GO TO 9 ABCD1337
11 CALL ERROR ABCD1398
12 WFD = WFDX R3CD1333
Cxxx MOMENTUM LOSS AB3CD1UOD
13 WG24 = WFD + WAD ABCD1LD1
CALL PROCOM (FAR24,T24,XX1,XX2,XX3,REX24,PHI24, H24) ABCD1L402
RHO24 = CAPSF * P24 ,/ (AJ * REX24 * T24) ABCD1T403
V24 = WG24 s (RHO24 * A2Y) ABCD1LDY
Q{2) = 0.0DO ABCD1405
Q(3) = 0.0DO ABCD1UDA
PS24 = ps42 - G.01D0 ABCD1LOT
14 RHO24 = WG24 , (V24 * A24) A3CD14073
HS24 = H24 - V24 **x 2 / GAJZ ABCD1203
CALL THERMO (1.0D0,HS24,TS24,PHIS24,¥XX2,1,FAR2E,T) ABCD1410
IF (TS24 .GE. 301.0D0) GO TO 15 ABCD1TU 11
CALL THERMu (1.CDO,HS24,630.0D3,PHIS24,XX2,1,FARP24, 1Y) ARCD1412
V24 = DSORT(GAJ2 * (H24 - 14s524)) ARCDIL
GO TO 14 ABCD1414
15 PS24 = FHO2L * aJ * REX26 * TS24 / CAPST ABCD1L1S
PS24A = PS42 + (KHOLZ2 * V42 ** 2 - {7024 * V2L ** 2y / (G * CAPSF)ARBCD1LIZ
DIR = DSQRT (DABS (PSZ4 / PS243)) LRCD1017
EP = (PS24 - PS?2LA) ,/ PSZt ABCD1U3
CALL AFQUIR (Q(1),V24,FP,2.0LJ,3C.0N0,1.2D0*TOLALL,DTR, V24T, IG0) A3CDIH3
V24 = V2UuT ABTDIUZ"
IF (V24 .LT. 25.CDD) V2L = 25,000 AZCDI0D1
Ic¢ohopucCc = 4 ABCDOTUD2
Go TO (14,1¢,11), IGOH 2RCD1423
13 P24 = PS24 * DEXP((FHIZ2U - PHUI324) / LEX24) A3CH1UZu
CALL PROCCM (FRR2U,TS2L,CS20,X¥X2,¥YX3,XXd,XX5,¥YX6) LRCDILES
AM24 = V24 ,/ CSZHu A3CD1U4ZA
17 CALL THERMO (P2L,H24,T2L,520 ,YXT,1,FA524,N) AR3CD1427
WGZ24 = WFD + WAD A3CNTHZA
ITF (VFDUCT .EQ. C.0DD) GO Tr 31 2BCD1422
0(2) = 0.0DC ARCD14320
0(3) = 0.0DC ABRCD1U31
WG24P = WG24 A3CD1132
H24p = H24 RBCD1433
pP24D0T = DERIV(20,P24) ARCDTU3Y
28 CALL THEEMN (P24,H206,720,5204,XX2,1,74F24,0) ARCD1L3S
NG24 = WG24P - P24DOT * VFDUCT / T2&L / {1.4D0 * RA) ARCD1L 3o
U24 = H24 - AJX * RR % T2U PBCD1LIT
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30
3

18

2C

21

U24DOT = DERIV(21,024)

H24X = (WG24P * H24P — (W324P - WG24) * U224 - U24DOT * D24 *

1 VFDUCT / T2% / RA) / WG24
ERRW = (H24 - H24X) / H24
DIR = DSQRT (DABS (H24 / H24X))

CALL AFQUIR (Q(1),T24,ERRW,0.0D0,20.0D0,.1D0*TOLALL,DTR,T28T,IGO)

ICODUC = 5

GO TO (29,31,30), IGo
T24 = T24T

GO TO 28

CALL ERROR

T25 = T24

P25 = P24

H25 = H24

525 = 524

AM25 = AM24

IF (IGASMX .GT. 0) GO TO 21
WORD (1) = AWORDZ2(1)

WORD (2) = AWORD2 (2)

A2BSAV = A28
A29SAV = A29
NOZD = 0
IDNOZ = 0

IF (NOZFLT .EQ. 2 .OR. NOZFLT .ED. 3) 07D = 1

IF (IDES .EQ. 1 .OPF. IDBURN .GT. 0 .OR. %uZl .10, 1)
IF (ITRAN .EQ. 1) IDNUZ = O

IF (IDCD .EC. 1) 50 TO 18

CALL CONVRG (T25,H25,P25,525, PAK2L, 524, Y1, IDNGT , A2y, ™ 26x

1 P28,528,7528,FS28,V2ps, L4287, 120M)
60 TO (16,19,1%,11), -CON
CALL CONDIV (T25,H2%,P25,S?
1 H28,P28,528,72%,H2¢,025,3
2 AM29,ICON)

IDSHOC = ICON

ICODUC = 6

GO TO (20,2G,2C,11), TCOX

NN
WD orn
-~
-,
i
NI
[y
TR

T2$ = T28

H2Y = H26

P29 = P28

S29 = S2&

TS29 = TS2o

PS29 = PS26

V29 = V28

AM29 = AM28

A29 = A29

IDSHOC = ICON + 3
ERR (5) = (P25F - P25) / D25F

IF (IDNOZ .EQ. 1) WFITT (€,22) R2R,5M28,32%9,AM27
ICoODUC = 0

CALL FASTSBK

EETURN

FORMAT (19HODUCT NOZZLE DESIGN, 5%, 8H a28=, r15.¢,

ABCD1433
ABCD1L39
ABCD14LD
ABCD 1441
ABCD10Y42
ABCD1443
ABCD14YLY
ABCDI4US
ABCDI4LA
ABCD1LYT
RRCDTLLR
ABCD14U 3
ARCH1GSD
ABCD1051
ARCDILER
E2cpiesy
A3CH1454
ABCDTYRS
A3CN1LSS
ARCD1L3Y

ABCRIrE-
rEONYOS
rngnius”

AL
IRIaStE I
AxCDN TR
LRCO14e
APCH YIRS
ALCOTYS
ARCNTLST
331G
AXC 1L
ARCDIETY
PECYLT
POaYaRE: UMW AR
AP 1173
ALCDILT
ERcEalol RIS

A3CD1rTa
ARCNILR"
ERCD1LA
ARCD LAY
BECDTLR]
ARCD 1494
A2CD1e33
AFCD’I!Qi
KBCD1uRT
ALCD1URR
APCDIBR)
AzcpiLen
LRCNILI
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100

101

68

1 8H AM28=, F15.8, 8H A29=, E1S5.82, 84 AM2¢=,
END

Subroutine COFAN

SUBERCUTINE COFAN
IMPLICIT FEAL*3 (A-~H,0-Z)

LOGICAL SI, FXM2CP

COMMON /COMALL/ COM(10€62)

COMMON /COMDAT/ COMD(5423)

DIMENSION WORD({2), CNXF(15), PRXF(15,15), WACXF (1
1 ETAXF(15,15), NPTF(15), DUMD1(15)

DIMENSION Q(9), WLH(2,2), AWORD(2)

RQUIVALENCE (WORD(1), COM(1)), (IDES, COM(3)), (JDES,

(MODE, COM(6)), (INIT, COM(7)), (MAPEDG, CCM(22))

(PCNCGU, COM(128)), (PFF, COM(131)), (ETAF, COM(1

(ZF, COM(136)), (PCNF, COM(137)), (PCELF, COM(138
(zI, COM(139)), (PCNI, COM(140)), (ZIDS, CCM{(146)
(PCNIDS, COM (147)), (PCNIGU, ZdM(1u48)), (T4, COM(

(T21DS, COM(267)), (722, COM(268)), (2ZC, COM(300)
(PCNC, COM(301)), (PCNCDS, COM(303)), (BLF, coM(3
(WAF, COM(319)), (P22, COM(375)), (U22, CO¥(376))

OO VN E (WP =2 O DN E Wiy —

(JTRAN, COM(1050)), (ST, COM(1055)), (FXM2CP, COM
EQUIVALENCE (CNXF({1), COMD (1)), (PRXF(1,1), COMD{
1 (WACXF(1,1), COMD(241)), (ETAXF(1,1), COMD(466)),
2 (NCNF, COMD(5296)), (NPTF{1), COMD{(5297))

DATA AWORD, WLH /4H COF, UHRN , 4H (LO, HH) ’
WORD (1) = AWORD (1)

WORD(2) = AWORD(2)

IF (SI) GO TO 100

TSTD = 518.668D0

PSTD = 1.0DO0

RA = .0252D0

AJ = 2.719D0

GO TO 101

TSTD = 288.143D0

PSTD = 101325.0D0

RA = 286.9D00

AJ = 1.0D0

THETA = DSQRT(T2 / TSTD)

DELTA = P2 / PSTD

IF (IDES .NE. 1) GO TO 1
WAFDS = WAFC * DELTA / THETA
CNF = PCNF / (100.0D0 * THETA)
IF (ZF .LT. 0.0D0) ZF = 0.0DO
I# (ZF .GT. 1.0D0) ZF 1.0D0

(zcDS, CoM(133)), (CNF, oM (134)), (WAFC, COM(13S

F15.%)

5,15),

con(a)),

,» {(TOLALL,

32)),
V).
).

) e
15¢8)),

(WFBDS, COM(185)), (WFB, COM(132)), (T21, COM(263)),

) v
16)),

’

(1059))
16)) »

4H (HI,

COM (23)), (H22, COM(34)), (T2DS, COM({91)), (T2, COM(92)), (P2,
coM(93)), (H2, COM(94)), (S2, COM(95)), (S22, COM(96)),
coM(97)), (T4GU, COM(100)), (TuLDS, COM(101)), (PRFCF,
(ETAFCF, COM(122)), (WAFCF, COM(123)), ({(PCKFDS, COM(124)),
(PRFDS, COM{125)), (ETAFDS, COY(126)), (WAFDS, COM(127)),

(T22D5S,

cov(121)),

(VFAN, COM(395)), (DUMDI(1), COvM(405)), (WAFP, COM(420)),

4H)

EBCD1RS2
ABCD1L2?

ABCD1U43Y
ABCD149¢%
ABCD1U43E
ABCD1UG7Y
ABCD1433
ABCD1456 ~
ABCN15CO
ABCD1501
ABCD1SC

ABCD15)3
ABCD15CH
ABCD15C5
ABRCD1535
ABCD1507
EBCD1593
ABCD150¢9
ABCD1510
ABCD1511
ABCD1512
ABCD1513
ABCD1514
ABCD1515
ABCD151¢
ABCD1517
ABCD1518
ABCD151¢
ABCD1520
ABCD1521
ABCD1522
ABCD1523
ABCD1524
ABCD1525
ABCD1526
ABCD1527
ABCD1528
ABCD1523
ABCD1530
ABCD1531
ABCD1532
ABCD1533
ABCD1534
ABCD1535
ABCD1536
ABCD1537
ABCD1538
ABCD1535
ABCD1540
ABCD1541
ABCD1542



18

19

20
21

CNFS = CNF

CALL SEARCH (ZF,CNF,PRF,WAFC,ETAF,CNXF (1) ,NCNF,PRXF(1,1),

1 WACXF(1,1) ,ETAXF(1,1),NPTF(1),15,15,1IG0)

IF ((CNF - CNFS) .GT. .5D) * TOLALL * CNF) MAPEDG =
IF (IGO0 +.EQ. 1 .OR. IGO .EQ. 2) WRITE (8,12) CNFS,

1 WLH(2,IGO)

WAF = WAFC * DELTA / THETA

IF (IDES .NE. 1) GO TO 2

PRFCF = (PRFDS - 1.0D0) / (PRF - 1.0DC)
ETAPCF = ETAFDS / ETAF

WAFCF = WAFLS / WAF

WRITE (6,13) PRFCP,ETAFCF, HAFCF,T2DS
PRF = PRFCF * (PRF - 1.6DG) + 1.0DO

ETAF = ETAFCF * ETAF

WAF = WAFCF * WAF

WAFP = WAF

WAFC = WAFC * WAFCF

PCNF = 100.0D0 * THETA * CNP

DUMD1(1) = PCNF
CALL THCOMP (PRF,ETA¥,T2,H2,S2,P2,T22,H22,522,P22)
IF (VFAN .EQ. 0.0D0) GO T2 21

Q(2) = 0.0DO
Q(3) = 0.0DO
H22P = H22

P22DOT = DERIV(4,P22)

CALL THERMO (P22,H22,722,522,XX2,0,0.0D0,0)
WAF = WAFP - P22DOT * VFAN / T22 / 1.4D0 / RA
022 = H22 - AJ * RA * T22

U22DOT = DERIV (5,022)

H22X = (WAFP * H22P - (WAFP - WAF) * U22 - U22DOT * P22 * VFAN /

1 T22 / RA) / WAF
ERRW = (H22 - H22X) / H22
DIR = DSQRT (DABS (H22 / H22X))

CALL AFQUIR (Q(1),T22,ERRW,0.000,29.0D0,.1D0*TOLALL,DIR,T22T,IGN)

Go TO (19,21,20), IGO

T22 = T227T

GO TO 18

CALL ERROK

IF (PCBLF .GT. 0.0D0) BLF = PCBLF * WAF
IP (JDES .EQ. 1) GO TO 9
JDES = 1

IF (INIT .EQ. 1) GO TO 8
IF (IDES .EQ. 1) GO TO 6
IF (JTBAN .EQ. 1) GO TO 8
IF (MODE .NE. 2) GO TO 3

T4 = GUESS(3,Y1,Y2,PCNF,PCNFDS,WFB,WFBDS,Y7,Y8,T4DS)
PCNI = GUESS(8,T4,T4DS,Y3,Y4,¥Y5,Y6,T22,T22DS,PCNIDS)

’
WLH (1,IG0),

PCNC = GUESS(4,Y1,Y2,PCNI,PCNIDS,WFB,WFBDS,Y7,Y8,PCNCDS)

Go TO 7
IF (MODE .EQ. 1) GO TO 5
IF (MODE .EQ. 0) GO TO 4
T4 = GUESS(7,Y1,Y2,PCNF,PCNFDS,Y5,Y6,T2,T2DS,T4DS)

PCNC = GUESS(5,T4,TuDS,¥Y3,Y4,¥5,Y6,T22,T22DS,PCNCDS)

IF (FXM2CP) PCNC = PCNCDS * .93D0 #* THETA

ARCD1543
ABCDISL 4
ABCDIEYS
ABCD15u4%
ARCD1547
ARCD1548
ABCDISUS
ABCD1532
ABCD 1551
ABCD1552
ABCD1553
ABCD15E54
ABCD15%5
AECD1555
ABCD1557
ABCD1553
ABCD1559
ABCD15€0
ABCD15¢1
ABCD1562
ABCD1563
ABCD155L
ABCD1555
ABCD156€
ABCD1567
ABCD1568
ABCD1556¢8
ABCD1570
ABCD1571
ARCD1572
ABCD1573
ABCD1574
ABCD1575
ABCD1575
ABCD1577
ABCD1573
ARCD1572
ABCD1580
ABCD 1581
ABRCD1E82
ABCD1583
ABCD1584
ABCD1585
ABCD158¢%
ABCD1587
ABCD1588
ABCD1589
ABCD1530
ABCD1591
ABCD1592
ABCD1593
ABCD1594
ABCD15353
ABCD1596
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11

an

12
13

14

70

1

1

1

NaoaOTNAhTmE Wt —

PCNCG1 = PCNC
PCNCG2 = PCNCDS

PCNI = GUESS(9,Y1,Y2,PCNCG1,PCNCG2,Y5,Y6,T22,T22DS,PCNIDS)

GO TO 7

T4 = GUESS(6,Y¥1,Y2,PCNC,PCNCDS,Y¥5,Y6,T22,T22DS,THDS)
PCNI = GUESS(8,T4,T4DS,Y3,Y4,Y5,Y6,722,T22DS,PCNIDS)

Go TO 7
T4 = T4DS

WPE = WFBDS

T21DS = T21

ZC = 2CDS

ZI = ZIDS

CNIGU = PCNI

PCNCGU = DCNC

TYGU = T4

INIT = 0

IF (MODE .NE. 3) GO TO 10

IF (DABS (CNF - CNFS) .LE. 1.0D) * TOLALL * CNFS)
WRITE (8,14) CNFS,CNF

CALL EKROR

PCNF = 100.0D0 * THETA * CN¥

CALL COINTC

RETURN

GO TO M

FORMAT (13HO* * * CNF OFF MAP,F10.4,2X,AU,A2,11H* * *$$$553)
FORMAT (11HQ2FAN DESIGN,13X,3H PRFCF=,E15.8,fH ETAFCF=,E15.8,

8H WAFCF=,E15.8,8H T2DS=,E15,8)

FORMAT (1040CNF WAS= ,E15.3,11H AND NOW= ,E15.8,12H CHECK PCNF,

12H INPUT$$$$%3)
END
Subroutine COHPTB

SUBROUTINE COHPTB

IMPLICIT REAL*S8 (A~-H4,0-2)
LOGICAL SI, DUMSPL, FXFN2M
COMMON /COMALL/ COM(1062)
COMMON /COMDAT/ COMD(5423)

DIMENSION WORD({(2), ERF(9), TFPXH(15), CNXH(15,15), DHTCY¥Y (15,1%),

ETATXH (15,15), NPTTFH(15)
DIMENSION Q(9), AWORD(2), WLO(2), WHI(2)
EQUIVALENCE (WORD(1), COM(1)), (IDES, COM(3)),

(NOMAD, CcOM(2M)),

(FOLALL, COM(23))., (3FEL (1), COY(24)), (TS5, COM(102)), (HS,
CoM(103)), (S5, COM(104)), (W35, COM(105)), (FARS5, CIM(106)),
(PFHPCF, COM(114)), (CNHPCF, ZO0M(115)), (ETHPCF, COM(116)),
(DHHPCF, COM(117)), (TFHPDS, COM(118)), (CNHPDS, COY(11%)),

(ETHPDS, COM(120)), (HPEXT, CO%(129)), (TFFIP,
(CNIP, COM(142)), (ETATIP, CO4(143)), (DUTCIP,
(DHTI, COM(145)), (H3, COM(153)), (T4, COM(156)

coM (141)),
coM (144)),
Yy, (HL, COM(157)),

(S4, COM(158)), (WGL, COM(159)), (FARGL, COM({160)),
(T50, COM(161)), (HSOH, COM(162)), (S50, COM(1€3)),
(WG50, cCom(164)), (FARS0, COM(156%)), (CNHP, COM(171)),

(ETATHP, COM(172)), (DHTCHPF, Z0%(173)), (DHTC,

coM {174y,

ABCD1597
ABCD1598
ABCD1599
ABCD1€00
ABCD1601
ABCD15)2
ABCD1603
ABCD160Y
ABCD1605
ABCD1€06
ABCD1607
ABCD1608
ABCD1609
ABCD1610
ABCD1611
ABCD1612
ABCD1613
ABCD1614
ABCD1f15
ABCD1615
RBCD1517
ABCD1€13
ABCD1619
ABCD1€20
ABCD1621
ABCD1522
ABCD1623
ABCD162%
ABCD1625
ABCD1625
ABCD1627

ABCD1£ 232
ABCD1629
ABCD1630
ABCD1£31
ABCD1532
ABCD1€33
ABCD163U
ABCD1R35
ABCD1€35
ABCND1637
ABCD1638
ABCD1/39
ABCD16UD
A3CD1A41
A3CD1eY2
ABCD1643
ABCD16414
ABRCD164US
ABCD1645
A3CDi16u7



100

101

102

(TFFHP, COM(175)), (H21, COM(264)), (PCNC, COM(301)),
(BLHP, COM(313)), (XNHP, COM(372)), (P4, COM(381)),

(P50, coM(383)), (US0, coM(384)), (P5, COM(385)),
(VHPTRB, COM(399)), (WACP, COM(422)), (XNHPDS, COM(423)),
(PMIHP, COM(426)), (ISPOJDL, COM (1044)), (SI, COM(1055)),
(DUNSPL, COM(1057)), (FXFN2M, COM(1058))

DNV E W

EQUIVALENCE (TFFXH(1), COMD(3226)), (CNXH(1,1), cCOMD(3241)),

1 (DHTCXH(1,1), COMD(3466)), (ELATXH(1,1), COMD(3691)),
2 (NTFFSH, COMD(5376)), (NPITFH(1), COMD(5377))

DATA AWORD, WLO, WHI /4HCOHP, 4HTB , 4H (LO, 4H) , 4H (HI,

1 4H) /
WORD (1) = AWORD (1)
WORD(2) = AWORD(2)

IF (SI) GO TO 100
RA = .0252D0
AJ = 2.719D0
CONFAC = 1.4051D~5

GO TO 101
RA = 286.9D0
AJ = 1.0D0

CONFAC = 1.0966D-2

IF (ISPOOL .EQ. 1) GO TO 8

THDE = DSQRT (T4) / PCNC

IF (IDES .EQ. 0) GO TO 1

CNHPCF = CNHPDS * THDE

CNHP = CNHPCF / THDE

CNHPS = CNHP

TFFHPS = TFFHP

CALL SEARCH (-1.D0,TFFHP,CNUP,DHTCHP, ETATHP,TFFXi(1),NTFFSH,
1 CNXH(1,1),DHTCXH(1,1),ETATXH (1,1) ,NPTTFH (1) ,15,15,I30)
IF (IGO .EQ. 1 .OR. IGO .EQ. 11 .OR. IGO .EQ. 21)

1 WRITE (8,9) TFFHPS,WLO

IF (IGO0 .EQ. 2 .OR. IGO .EQ. 12 .DR. IGO LEQ. 22)
1 WRITE (8,9) TFFHPS,WHI

IF (IGO .EQ. 10 .0OR. IGO .EQ. 11 .JR. IGO .EQ. 12)

1 WRITE (8,10) CNHPS,WLO

IF (IGO .EQ. 20 .OR. IGO .EQ. 21 .OR. IGO .FQ. 22)

1 WRITE (8,10) CNHPS, WHI

IF (IGO .NE. 7) GO TO 2

CALL ERROR

RETURN

NOMAP = 0

TFHCAL = WGU4 * DSQRT(TY) / (14.5956D0 * Pp4)
BTUEXT = 0.7086705D0 * HPEXT

IP (.NOT. SI) GO TO 102
TFHCAL = WG4 * DSQRT (T4) / Pu
BTUEXT = HPEXT

XNHP = XNHPDS * PCNC / 102.0DO
XNHDOT = DERIV(1,XNHP)

DHTCC = (BTUEXT + WACP * (H3 - H21) + CONFAC * PMIHP ¥ XNHP %

1 XNHDOT) / (WG4 * T4)

IF (IDES .EQ. 0) GO TO 5
TFHPCF = TFHPDS / TFHCAL
DHHPCF = DHTCC / DHTCHP

ABCD1E43
ABCD16U49
ABCD1657
ABCD 1651
ABCD1652
ABCD1653
ABCD165H
ABCD1655
ABCD16546
ABCD16€57
ABCD1658
ABCD1659
ABCD1680
ABCD1661
ABCD1652
ABCD1€53
ABCD16EY
ABCD1655
ABCD16566
ABCD1657
ABCD166%
ABCD1653
ABCD1€70
ABCD1€71
ABCD1€72
ABCD1€73
ABCD1674
RBCD1675
ABCD1676
ABCD1£77
ABCD1€78
ABCD1€7°
ABCD163)
ABCD1€81
ABCD1682
ABCD1FR83
ABCD1€824
ABCD1685
ABCD1686
ABCD1€87
ABCD1683%
ABCD1€83
ABCD1690D
ABCD1691
ABCD1€92
ABCD1693
ABCD1694
ABCD1695
ABCD16935%
ABCD1697
ABCD16¢8
ABCD1€93
ARCD170C
ABCD1701
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ETHPCF = ETHPDS / ETATHP
WRITE (6,11) CNHPCF,TFHPCF,ETHPCF,DHHPCF

TFHCAL = TFHPCF * TFHCAL

DHTCHP = DHHPCF * DHTCHP

ETATHP = ETHPCF * ETATHP

DHTC = DHTCC * T4

ERR (1) = (TFHCAL - TFFHP) / TFHCAL

ERR(2) = (DHTCC - DHTCHP) / DHTICC :

CALL THTURB (DHTC,ETATHP,FAR4,HY4,S4,Pl4,T50,H50,550,P50)
IF (BLHP .LE. 0.0D0) GO T3 6

FARS50 = FAR4 * WGU / (WGH + BLHP * (FAR4 + 1.0D0))

WG50 = WG4 + BLHP

H50 = (BLHP * H3 + WGU4 * H50) / WG50

CALL THEEMO (P50,H50,T50,550,%XX2,1,FARS0,1)

GO TO 7

FARSC = FAR4

WG50 = WGH
IF (VHPTRB .EQ. 0.0D0) GO TO 21
0(2) 0.0D0

0(3) = 0.0DC

WG50P = WG50

H50P = HSO0

P50DOT = DERIV(12,P50)

CALL THERMO (P50,H450,T50,550,%XX2,1,FAR50,0)

WG50 = WG50P - PS50DOT * VHPTRB / TS0 ,/ 1.4D0 / RA
U50 = H50 - RA * AJ * TS50

U50DOT = DERIV (13,U50)

H5GX = (WG50P * H50P - (WS5CP - WGS50) * US0 - US0DOT * PS5O *

1 VHPTEB / T5G / RA) / WG50
EREW = (H50 - H50X) / HS50
DIR = DSQRT(DABS (H50 / H50X))

CALL AFQUIR (Q(1),T50,ERPW,0.000,20.0D0,.1D0*TOLALL,DIR,T50T,IGO)

G0 TOo (19,21,20), IGO

T50 = T50T
GO TO 18
CALL ERROR

IF (FXFN2M .OR. DUMSPL) GO TO 8

CALL COIPTB

RETURN

P5 = P50

H5 = HS50

T5 = TEO

S5 = s50
FARS = FARSO
WG5 = WG50

SET MIDDLE TURRINE PARAMNErLERS TO ZERC, NOT USED
TFFIP = 0.0D0O

CNIPp = 0.0DO
DHTI = 0.0DO
DHTCIP = 0.0DO

ETATIP = 0.0DO
CALL COLPTB
FETURN

AECD1702
ABCD1703
ABCD170%
ABCD1705
ABCD1706
ABCD1707
ABCD1708
ABCD170%
ABCD1710
ABCD1711
ABCD1712
ABCD1713
ABCD1714
ABCD1715
ABCD1715
ABCD1717
ABCD1718
ABCD1713
ABCD1720
ABCD1721
ABCD1722
ABCD1723
ABCD1724
ABCD1725
RBCD1725
ABCD1727
ABCD1728
ABCD1723
ABCD1730
ABCD1731
ABCD1722
ABRCD1733
ABCD1734
ABCD1735
ABCD173%
ABCD1737
ABCD1733
ABCD1739
ABCD17u40D
ABCD1741
ABCD1742
ABCD1743
ABCD1744
ABCD17u45
ABCD1746
ABCD1747
ABCD1743
ABCD1749
ABCD1750
ABCD1751
ABCD1752
ABCD1753
ABCD1754
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FORMAT (19HO****XTFFHP OFF MAP,F10C.4,2X, A4, A2, 11H***xx35$35 3 3)
FORMAT (19HO***** CNHP OFF MAP,F10,4,2X,AlH,82, 1 10***%x%x§35$555)
FORMAT (20HOH.P. TURBINE DESIGN,5X,7 HCNHPCF=,E15.8,2H TFHPCF=,

1 E15.8,8H ETHPCF=,E15.8,8H DHHPZFP=,E15.8)
END

Subroutine COINLT

SUBROUTINE COINLT
IMPLICIT REAL*8 (A-H,0-2)

LOGICAL SI

COMMON /COMALL/ COM(1062)

DIMENSION WORD(2)

DIMENSION AWORD (2)

EQUIVALENCE (WORD(1), COM(1)), (IDES, COM(3)), (MIDE, COM(E)),
1 (INIT, COM(7)), (IAMTP, COM(S)), (TOLALL, COM(23)), (P1,
2 COM(33)), (T2DS, COM(91)), (T2, CSOM(92)), (P2, COM(93)), (H2,
3 coM(94)), (S2, COM(95)), (TLDS, COM(101)), (PCNFDS, ZOM{(124)),
4 (zF, COM(136)), (PCNF, COM(137)), (T1, COM(149)), (d1, COM(150)),
5 (S1, COM(151)), (T4, COM(15€)), (WFSDS, COM(185)), (ZFDS,

6 COM(186)), (ETAR, COM(187)), (WFB, COM(192)), (CS, CO%(134)),
7 (AM, COM(195)), (ALTP, CO%(195)), (PCNFGU, COM(199)),
8 (PCNC, COM(301)), (PCNCDS, CO4(3C3)), (PELT1, COM(429)),
9 (Ss1I, COM(1055))

DATA AWORD /4HCOIN, 4HLT /

WORD (1) = AWORD (1)

WORD(2) = AWORD(2)

IF (SI) GO TO 10

AJ = 778.26D0

G = 32.174049D0

REFP59 = 2.0855531D07

R = 1.986375D0

TSTD = 518.668D0

GO TO M1

AJ = 1.0DO0

G = 1.0D0

REF59 = 6.3567658D06

R = 8314.34D0

TSTD = 288.149D0

ALT = ALTP * REF59 / (REF53 - ALTP)

GAJ2 = 2.0D0 * G * AJ

CALL ATMOS (ALT,T1STD,XX1,XX2,XX3,DELTA,CS,XX4, IIER)

P1 = DELTA

IF (SI) P1 = 101325.0D0 * DELTA

T1 = T1STD

IF (IAMTP .EQ. 2) T1 = TISTD + DELT1

IF (IAMTP .EQ. 5) CALL RAM2 (AM,ETAR)

IF (IAMTP .NE. 1 .AND. IAMTP .NE. 5) CALL RAM (AM,ETAR)

FAR = 0.0DO

CALL PROCOM (FAR,T1,CS,XX2,XX3,R1,PHI1,H1)

S1 = PHI1 - R1 * DLOG(DELTA)

H2 = H1 + (AM * CS) ** 2 / GAJ2

ABCD1758
ABCD1757
ABCD17ER
ABCD1753
ABCD1750
PBCD1761
ABCD1782

ABCD1753
A3CD176U
ABCD1755
ABCND17€E5
ABCD1757
ABCD1763
ABCD1732
ABCD177D
ABCD1771
ABCD1772
ABCD17732
ABCD1771
ABCD1775
ABCD177F
ABCD1777
ABCD1778
ABCD17732
ABCD172)
ABCD1721
ABCD17R2
ARCD1733
ABCD178¢4
ABCD1785
ABCD178%
ABCD1737
ABCD1723
ABCD1783
ABCD1792
ABCD1731
ABCD1792
ABCD1733
ABCD1794
ABCD1733
ABCD179¢
ABCD1797
ABCD17¢3
ABCD1799
ABCD1POD
ABCND18C1
ABCD1802
ABCD18(C3
LBCD120L
ABCD1805
ABCND1806
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P2 = 1.0D0

IF (SI) P2T = 101325.0D0

po 1t 1 =1,50

CALL THERMO (P2T,H2,T2T7,S2T,AW,C,0.0D0,1)

IF (DABS (32T - S1) JLE. .1D0 * TOLALL * S1) GO TO 2
P2T = P1 * DEXP( (AW / R) * ((S2T - S1) + (R / AW) *
1 DLOG(P2T / P1)))

CALL ERROR

RETURN
IF (IAMTP .EQ. 3 .OR. IAMIP .EQ. 1) ETAR = P2 / P2T

P2 = ETAR * pP2T
ITHER = 1

IF (IAMTP .EQ. 4) ITHER = 0

CALL THERMO (P2,H2,T2,52,XX5,0,0.0D0,ITHER)

IF (INIT .EQ. 1) RETURN

IF (IDES .EQ. 1) GO TO 3

IF (MODE .EQ. 3) GO TO 4

PCNF = GUESS (MODE,TH4,THDLS,PCNC, PCNCDS,WFB,WFBDS, T2, T2DS,PINFDS)
PCNFGU = PCNF

GO TO 4

PCNF = PCNFDS * DSQRT(T2 / TSTID)

PCNFGU = PCNF

T2DS = T2

ZF = ZFDS

ESTUEN

END

Subroutine COINTC

SUBROUTIME COINTC
IMPLICIT PEAL*S (A-H,0-Z)

LO3SICAL 31, DUMSPL, FXFN2M, AFTFAN, FAN

COMMON /COMALL/ COM{1062)

COMMON /COMDAT/ COMD(5423)

DIMENSION WORD(2), CNXIN(15), PRXIN(15,15), WACKIN(15,1%),
1 ETAXIN(15,13), CNXXI(1%), PRXXI(15,1%), WACXXI(1S,15),
2 ETAXXI(15,15), NPTI(15), ¥PTXI(15) )

DIMENSION ((9), WLH(2,2), AWORD (2)

EQUIVALENCE (WOBD(1), COM(1)), (IDES, COM(3)), (MAPRD%3, ZOM(22)),
(TOLALL, COM(23)), (H22, COM(3%4)), (I2, CON(92)), (P2, COM{(32)),
(H2, COM(9&4)), (S2, COM(35)), (S22, COM(S6)), (T27°DS, COM(27)),

(CNF, COM(138)), (%I, COM(13Y)), (PCNI, COM(140C)), (PCNIDS,
CoM(147)), (PRICF, CO%(175)), (ETAICF, COM(177)), (WAICF,
coM(178)), (PFIDS, COY(180)), (=TAIDS, COM(1R1)), (WAIDS,

(WAC, COM (131)), (T21, COM(263)), (HZ21, com(26u)),

(S21, COM(265)), (WA21, COM(254)), (T22, COM(269%)),

(WA22, COM(269)), {(WA32, CO¥(271)), (PCBLI, COM(3%4)},
(PCBLID, CCM(305)), (CNI, COM(10°)), {WaCI, CO™(312)),
(WAI, COM(311)), (BLT, CCM(312)), (RLF, CO¥(316)),

(WAF, COM(319)), (P22, COM({375)}, (P21, CO™M(377)),

(u21, COM(378)), (VINTC, COM(396)), (WAIP, COM(:21)),
(LspooL, coM(1044)), (SI, COM(10E55)), (DUMSPL, COM(1257)),
(FXFN2M, COM(1N58)), (RFTFAN, ZO¥(1060)), (FAN, CAM(13F1})

DDA EWN QO DNCEMmE WK

JOM(182)), (WAICDS, COM(1533)), (FTAI, COM(1498)), (PRI, CO™(129)),

ABCD1807
ABCD1RC3
ABCD180¢°
ARCD181D
ABCD1811
ABCD1R12
ABCD1R13
ABCD181U
RECD1815
ABCD1°15
ARCD1817
ABCD1813
AECDH1813
ABCN1R2)
ABCD1R21
RECDT1R22
ABCD1R22
ABCD1924
ABCD122E%
ABCD18256
ABCD1827
ABCD182H
ABCD1823
ABCD193D
2BCNH1831
ABCD1832

ABCD1833
ABCD1R2Y
£3CD1R35
ABCD183¢
A8CD1737
ARCD1R3R
A3Cn1a30
ABCD1040
ABCD12U1
2BCD1RL?2
ARCD1943
RBCD1RUL
L3CD1RYS
A3CD1RUE
E3CD1347
RBECD1ELA
RECD184D
A3CN1A5N
A3CD1E51
ARCD1852
ABCH12E
ABCD1 RSN
AECD1955
ABCD 1055
ABCD1857
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101

102

NEWN =

EQUIVALENCE (CNXIN(1), COMD(691)), (PRXI
(WACXIN(1,1), COMD(931)), (ETAXIN(1,1),
(CNXXI(1), COMD(1381)), (PRXXI(1,1), COM
(WACXXI(1,1), COMD(1621)), (EFAXXI(1,1),
(NCNI, COMD(5312)), (NPTI(1), 201D (5313)
(NPTXI (1), COMD(5329))

DATA AWORD, WLH /4HCOIN, Y4HTC , U4H (LO,

WORD(1) = AWORD(1)

WORD (2) = AWORD {2)

IF (SI) GO To 100

TSTD = 518.668D0

PSTD = 1.0D0

RA = .0252D0

AJ = 2.,719D0

GO TO 101

TSTD = 288.149D9
PSTD = 101325.0D0
RA = 286.9D0

AJ = 1.0D0

I¥ (.NOT. AFTFAN) GO TO 1
T22S = T22

H22S = H22

§22S5 = S22

p22s = p22

T22 = T2

H22 = H2

522 = 52

P22 = P2

THETA = DSQRT(T22 / TSTD)

DELTA = P22 / PSID

IF (.NOT. FAN) WAL = WAF - PLF
IF (IDES .NE. 1) GO TO 2

PCNI = PCNIDS * THETA

FRI = PRIDS

PCBLI = PCBLID

IF (FAN) GO TO 102

WAICDS = WAI * THETA / DELTA
DUMSPL = .TRUE.

WACI = WAICDS

WAIDS = WACI % DELTA / THETA
ETAI = ETAIDS

IF (.NOT. PXFN2%) GO TO 3

FAN AND MIDDLE SPOOL ROTATZ AT 3342 SPEED
SPDFAN = CNF * DSQRT(T2 / TSTD)
CNI = SPDFAN / THETA

PCNI = 100.0D) * THETA * CV1

IF (IDES .EQ. 1) PCNIDS = PCNI / TIHETA
CNT = DCNI ,/ (19C.0DC * THETA)
zI = DMAX1(ZI,0.0D0)

2zI = DMIN1(ZI,1.0D0)

CNIS = CNI

IF (.NOT. DUMSPL) GO TO 4

CALL INDUMY (CNI,ZI,WAICDS,IDES)

N(1,1), COMD(706)),
coMD(1156)),

D(1396)),

COMD (1846)),

) » (NCNXI,

L H) s UH

Z0oMD (5328)),

(HI, UH)

CALL SEARCH (2I,CNY,PRI,WACI,EPAT,CNXXI(1),NCNXT,PRXXI(1,1),

ABCD1858
ABCD1859%
ABCD1860
ABCD1861
ABCD18€2
ABCD1863
ABCD1864
ABCD1855
ABCD1R65
ABCD1867
ABCD1868
ABCD185%3
ABCD1870
ABCD1871
ABCD1872
ABCD1873
ABCD1874
ABCD1875
A3CD1875
ABCD1877
A3CD1878
ABCD1879
ABCD1830
ABCD1821
ABCD1882
ABCD1883
ABCD188%4
ARCD18R¢S
A3CD1885
ABCD1837
ARCN188¢2
ABCD1833
ABCD1892
ARCD1891
ABCD1852
ABCD1893
ABCD183u
ARCD1R9E
ABCD1835
ABCD1R97
ABCD1898
ABCD13%3
ABCD190N
ABCD1901
ABCD1902
ABCD1903
ABCD1904
ARCD19N5
ABCD19)5
ABCD1907
ABCD19C3
ABCD1Qr2
ABCD131)
ARCD1911
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1 WACXXI(1,1),2TAXXI(1,1),NPTXI(1),15,15,1G0)
GO TO 5

CALL SEARCH (ZI,CNI,PRI,WACI,ETAI,CNXIN(1),NCNI,PRXIN({1,1),
1 WLCXIN(1,1),ETAXIN(1,1),5PTT (1),15,15,IG0)

IF ((CNI - CNIS) .GT. .5D0 * TOLALL * CNI) MAPEDG = 1

IF (IGO .EQ. 1 .OR. IGO .EJ. 2) WRITE (8,12) CNIS,WLH(?,IGO),
1 WLH(2,IGO)

IF (.NOT. FAN) WACT = WAI * THETA / DELTA

WAI = WACI * DELTA / THETA

WA22 = WAT

IF (IDES .NE. 1) GO TO 7

T22DS = T22

IF (AFTFAN) T22DS = T22S

ETAICF = ETAIDS / ETAI

WAICF = WAIDS / WAI

PRICF = (PRIDS - 1.0D0) / (EFT - 1.0D0)

IF (.NOT. DUMSPL) GO TO 35

PRICF = 1.0D0

ETAICF = 1.0DO

WAICF = 1.0D0

WRITE (6,13) PRICF,ETAICF,WAICF,T22DS

PRI = PRICF * (PRI - 1.0D0) + 1.0DO

ETAT = ETAICF * FTAI

WAT = WAICF * WAL

WAIP = WAT
WACI = WACI * WAICF
WA22 = WAI

CALL THCOMP (PRI,ETAT,T22,H22,522,P22,T721,0121,521,721)
IF (VINIC .EQ. 0.0DO) GO TO 21

Q(2) = C.CDO
Q(3) = 0.0DC
H21p = H21

P21DOT = DERIV(6,P21)

CALL THERMO (P21,H21,T721,321,%X2,0,0.0D0,0)
WAI = WAIP - P21DOT * VINTC / T21 / 1.4D0 / PR
U21 = H21 - AJ * RA * T2

U21D0OT = DERIV (7,U27)

H21X = (WAIP * H21P - (WAIP - WAI) * U21 - U21DOT * P21 * VINTC

1 T21 / RA) / WAI
EREA = (H21 - H21X) / H21
DIR = DSQRT(DABS (H21 / H21X))

CALL AFQUIR (Q(1),T21,EERW, 0.CDC,20.0D0,.1D0*TOLALL,DIR,T21T,IGO)

GO0 10 (19,21,20), IGO

T21 = T217T
GO TO 18
CALL EEREOFR

IF (.NOT. DUMSPL) GO TO 8
PRI = 1.0D0
ETAI = 1.0D0

T21 = T22
H21 = H22
S21 = S22
F21 = P22
IF (ISPOOL .EQ. 1) WA21 = WAI

ABCD1912
ABCD1313
ABCD1911
ABCD191%
ABCD1914%
ABCD1917
ABCD1917
ABCD191¢
ABCD102¢C
ABCD1921
ABCD1022
ABCD1923
ABCD16G24%
ABCD192E
ABCD1925
ABRCD1927
A3CD1923
ARCD10929
ABCD1¢3C
ABCD1931
ARCD1932
ABCD1°33
ABCD193t
ABCD103F
ABCD1930%
ABCD1927
ABCD 1933
ABCD1932
LBCD1G40
ABCD1941
ABCDY94?2
ABCD16G43
ABCD1S44
ABCD1845
ABCD1945
ABCD1947
ABCD19UR
RECD1943
ABCD19S?C
ABCD1951
AECD19%2
ABCD1353
ABCD195U
ABCD1GES
ABCD1355
ABCD1957
ABCD1958
ABCD1959
ABCD19560
ABCD19€1
ARCD1962
ABCD1963
ABCD196Y4
ABCD1955



10

1

1

1 ETATXH(15,15),
2 ETATXI(15,15),

IF (IDES .N

BLI = PCELT
WA21 = WA22
Wa32 = BLI

IF (FAN .OR
IF (DABS(C¥
WRITE (8,14
CALL ERROR

E. 1) GO TO §

* WAT
- BLT

. IDES .EQ.

I - CNIS) .LT.

) CNIS,CNI

1)  WAC = WA21

PCKI = 100.0D0 * THETA * CNI
FTFAN) GC TOo M1

IF (.NOT. A

T22 = T22S
H22 = H22S
522 = S§228
P22 = P22sS
CALL Coconp
RETURN

FORMAT (19HO* * =

FORMAT (20HOMIDDLE SPOOL DESIGN,4X,BH

E15.8,8H
FORMAT (10H
12H INPUTS
END

WAICF=,E15.8,8H
OCNI WAS= ,E15.3,11H

$3353)

SUBROUTINE COIPTB

IMPLICIT K
LOGICAL ST
COMMON s/CONM

DIMENSION

DIMENSION
EQUIVALENCE
(TOLALL, C
CoM (94)),
cCoM(105)),
coM(119)),
COM (140)),
coM(143)),
(T50, COM(
(WG50, cCOM
(TPIPDS, C

(P50, cou(

(VIPTRB, COM(400)),
OM (424)), (PMIIP,

(XNIPDS, C

EAL*8  (&k-H,

1.0D0 * TOLALL * CNIS)

PRICF=,E15.

m2205=,E15.8)
AND NOW= ,E15.8,

Subroutine COIPTB

0-17)

., FXM2CP, APTFAN
ALL/ COM(1062)
COMMON /COMDAT/ COMD(5423)

WORD {2), ERR(9),
TFFXI (15),
NPTTFH(15),

TEFLH(15),
CNXI (15,15),
NPTTFTI (15)

0(9), AWORD(2), WLO(2), WHI(2)
coM(1)), (IDES, COoM(3)), (NOMAP, COM(21)),

(WORD(1),

oM (23)), (ERR(1),

GO Tn 10

CNI OFF MAP,F10.4,2X,A8,A2,11H* * *x£35358%)

8,84 ETAICF=,

120 CHFCK PCNI,

CNXH (15,15), DHTCXH (15,15),
DHTCXI (15,15),

COM (24)), (422, COM(38)), (H2,

(T5, COM(102)), (H5, CO¥(103)), (S5, COM(104)), (WGS,

(FARS5, COM(106)),
(ETHPDS, COM(120)),

(TFFIP, COM(141)), (CNIP,

(DHTCIP, cOoM(144)),

161)), (H50,

oM (278)), (CNIPDS,
(TFIPCF, COM(285)),
(DHIPCF, COM(288)),

383)), (PS5,

(FXM2CP, COM(1059)), (

EQUIVALENCE

(TFFXH (1),

(CNIPCF,
(BLIP,

(WAID,

(ITFHPDS, COM(118)),
(HPEXT, COM(129))

com(1a2y),

(DHTI, COM({145)),

coM (162)), (s50, com(163)
(164)), (FARS50, COM(165)),

(CNHPDS,
, (PCNI,
(ETATIP,

(H3, COM (153)),
) .

(H21, CoM(264)),

CoM(279)), (ETIPDS,
oM (286)), (ETIPCF,
cocM(314)), (XNIP, COM(373)),

coM (385)), (U5, COM(386)),

AFTFAN, COM(1060))

COMD(322€)),

(CNXH(1,1),

co%(280)),
co% (287)),

COM(421)), (WACP, COM({(422)),
com(427)), (SI, COM(1055)),

coMD (3241)),

A3CD19&%
ABCD1857
ABCD194%
AECD19563
ABCD1970
ABCD1971
A3CD1972
ABCD1073
ABCD1974
ABCD1G75
ABCD1975
ABCD1977
ABRCD1973
ABCD197¢
ABCD1980
ABCD1981
ABCD1282
A2CD1923
A3BCN193Y
A3BCD1985
ABCD1S84%
A3CD19837
ABCD1988
ABCD1932
ABCD1S90

ABCD1931
ABCD1992
ABCD1933
ABCD199%
ARCD1935
ABCD19956
ABCD1997
ABCD1993
ABCD1998%
ABCD20D)
ABCD2001
ABCD2002
ABCD2003
ABCD200%
ABCD2005
ABCD2006
ABCD2007
ABCD2008
ABCD2009
EBCD201)
ABCD2011
ABCD2012
ABCD2013
ABCD2014
ABCD2015
ABCD2016

M



100

101

2

104

78

(DHTCXH (1,1), COMD(3466)), (ECATXH(1,1), COMD(3691)),
(TFFXI(1), COMD(3916)), (CNXI(1,1), COMD(3931)),
(DHTCXI(1,1), COMD(4156)), (EPATXI(1,1), COMD(L381)),
(NTFFSH, COMD(5376)), (NPTTFH(1), COMD(5377)),
(RTFFSI, COMD(5392)), (NPTTFI(1), COMD(5393))

DATA AWORD, WLO, WHI /4HCOIP, YHTB , 4H (LO, 4F) , UH (HI,

1 4H) /

IF (SI) GO TO 100

RA = .0252D0

AJ = 2.719D0

CONFAC = 1.4091D-5

UNTE W N -

GO TO 101
RA = 286.9D0
AJ = 1.0D0

CONFAC = 1.0966D-2
H22SAV = H22

IF (AFTFAN) H22 = H2

WORD (1) = AWORD (1)

WORD(2) = AWORD(2)

THDE = DSQRT(TS50) / PCNI

IF (IDES .EQ. 0) GO TO 1

CNIPCF = CNIPDS * THDE

IF (FXM2CP) CNIPCF = CNHPDS * THDE

CNIP = CNIPCF ,/ THDE

CNIPS = CNIP

TFFIPS = TFFIP

IF (FXM2CP) GO TO 2

CALL SEARCH (-1.0D0,TFFIP,Z-NTP,DHTCI®,ETATIP,TFFXI (1) ,NTFFSI,
1 CNXI{(1,1) ,DHTCXI(1,1),ETAIXI(1,1),NPTTFI(1),15,15,1IG))
GO TO 104

CALL SEARCH (-1.0D0,TPFIP,CNIP,DHTCIP,ETATIP,TFFXH(1) ,NTFFSH,
1 CNXH(1,1),DHTCXH(1,1) ,ETATXH (1,1),NPTTFH(1),15,15,15))
IF (IGO0 .EQ. 1 .OR. IGO .EQ. 11 .OR. IGO .EQ. 21)

1 WRITE (8,9) TFFIPS,WLO

IF (IGO .EQ. 2 .OR. TGO .EQ. 12 .OR. IGO .EQ. 22)
1 WRITE (8,9) TFFIPS, WHI

IF (IGO .EQ. 3C .OR. IGO .EQ. 11 .0R. IGO .EQ. 12)
1 WRITE (8,10) CNIPS,WLO

IF (IGO0 .EQ. 50 .OR. IGO .EQ. 21 .OR. IGO .EQ. 22)

1 WRITE (8,10) CNIPS,WHI

IF (IGO .NE. 7) GO TO 3

CALL EREOR
RETUERN
NOMAP = O

TFICAL = WGE0 * DSQRT(TS0) / (1U.€96DC * P50)

IF (SI) TFICAL = WG50 * DSQFT(T50) / PS50

XNIP = XNIPDS * BCNI / 100.0D0

XNIDOT = DERIV(2,XNIP)

BTUEXT = .706705D0 * HPEXT

IF (SI) BTUEXT = HPEXT

DHACEL = CCNFAC * PMIIP * XNIP * XNIDOT

DHPIC = (WAIP * (H21 - H22) + DHACEL) / (WSS50 * T&0)

IF (FXM2CP) DHTIC = (BTUEXT + WACP * (H3 - H21) + WAID
1 (421 - H22) + DHACEL) / (WG50 * T59)

ABCD2017
ABCD2013
ABCD2019
ABCD2020
ABCD2021
ABCD2022
ABCD2023
ABCD2024
ABCD2025
ABCD2026
ABCD2027
ABCD2028
ABCD2023
ABCD2030
ABCD2031
ABCD2032
ABCD2033
ABCD203%
ABCD2035
ABCD2036
ABCD2037
ABCD2038
ABCD2020
ABCD2049D
ABCD20W1N
ABCD20U2
ABCD2043
ABCD2N4Y
ABCD204S
ABCD20LE
ABCD2047
ABCD20u4S8
ABCD20Uu?
ABCD205?
A3CD2051
ABCD2052
ABCD2053
BBCD2054
ABCD2155
ABCN205€
ABCD2057
ABCD2CSE
AECD20%3
ABCD2CEC
RBCD2051
ABCD2052
ABCD2063
ABCD206Y
ABCD20€E
ABCD20%5
ABCD2267
ABCD20&R
ABCD20F3
ABCD2070



102

103

18

15

21

wanaoa

IF (IDES .EQ. 0) GO TO 6

TFIPCF = TFIPDS / TFICAL
DHIPCF = DHTIC / DHTCIP
ETIPCF = ETIPDS / ETATIP

IF (.NOT. FXM2CP) GO TO 122

TFIPCF = TFHPDS / TFICAL

ETIPCF = ETHPDS / ETATIP

WRITE (6,11) CNIPCF,TFIPCF,ETIPCF,DHIPCF
TFICAL = TFIPCF #* TFICAL

DHTCIP = DHIPCF * DHTCIP

ETATIP ETIPCF * ETATIP

DHTI = DHTIC * T50

N1 = 8

N2 = 9

IF (.NOT. FXM2CP) GO TO 103

N1 = 1

N2 = 2

ERR(N1) = (TFICAL - TFFIP) / TFICAL
ERR(N2) = (DHTIC - DHTCIP) / DHTIC

CALL THTURB (DHTI,ETATIP,FAR50,HS50,S5%0,P50,T5,H5,55,P5)
IF (BLIP .LE. 0.0DO) GO T2 7

FARS = FARS0 * WG5S0 / (WG50 + BLIP * (FARS50 + 1.0D0))

WG5 = WG50 + BLIP
H5 = (BLIP * H3 + WG50 * H5) / WG5S
CALL THEEMO (P5,H5,T5,S5,XX2,1,FAR5,1)

GO TO 8

FAR5 = FARS50

WG5 = WG5S0

IF (VIPTRB .EQ. 0.0DO0) GO TO 21
Q(2) = 0.0D0

Q(3) = 0.0DO

WG5P = WG5S

H5P = HS

P5DOT = DERIV(14,PS)

CALL THERMO (P5,HS,TS5,S55,XX2,1,FPAR5,0)

WG5 = WG5P - P5DOT * VIPTRB / TS5 / 1.4D0 / EKA

U5 = H5 - RA * AJ * T5

U5DOT = DERIV(15,U5)

H5X = (WG5P * HS5P - (WGSP - WG3) * US - US5DOT * DS * VIFTRD /
1 T5 / RA) / HWGS

ERRW = (H5 - HSX) / HS

DIR = DSOQRT (DABS (H5 / H5X))

CALL AFQUIR (9(1),T5,ERR#,2.0D),20.0D0,.1DO*TOLALL,DIR,TST, IGO)
GO0 TO (19,21,20), IGO

T5 = T5T

GO TO 18

CALL ERROR

H22 = H22SAV

CALL COLPTB

RETURN

FORMAT (19HO**%*xxTFFIP OFF MAP,F10.4,2X,84,R2, 11H**x**xx5555 F5)

ABCD2071
ABCD2272
ABCD2073
ABCD272714
ABCD207%
ABCD2(7¢
ASCD2077
ABCD2073
ABCD2073
ABCD2CED
ABCD2031
ABCD2082
ABCD20143
ABCD2(C8Y
ABCD2(C8Z
ABCD208%
ABCD2087
ABCD208¢%
ABCD2032
ABCD20QD
ABCD2091
ABCD2032
A3CD202?
ABCD2034
ABCD2CS5
ABCD2035
ABCD20G7
ABCD2093
ARCD200G3
ABCD212?2
A3CD2101
ABCD2102
ABCD?2123
ABCD2101
ABCD21"3
ABCD210¢
ABCD2107
ABCD210%2
ABCD?10¢
ABCD2117
ABCD2111
AECD211?
ABCD2113
ABCDZ 114
ABCD211=
ABCD211¢
ABRCD2117
ABCD2118
ABCD21153
ABCD212C
ABCD2121
ABCD2122
ABCD2123
ABCD2124

79
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1

100

101

80

1

9

1
2
3
4
5
5
7
8
3
1
2
3
4
5

1
2

1

1

FOEMAT (19HO**x%x* CNIP OFF MAP,F10.4,2X,A58,22, 1 1H*x*x*x*35355$3) ABCDb2125

FORMAT (20H0I.P. TURBINE DESIGN,5X,7HCNIPCF=,E15.2,8H TFIPCF=, ARCD2125
E15.8,8H ETIPCF=,E15.8,&H DHIPCF=,E15.8) ARCD2127
END ABCD212R3

Subroutine COLPTB

SUBROUTINE COLPTB ABCD2123
IMPLICIT REAL*8 (A-H,0-7) ABCD2130
LOGICAL SI, FXFN2M, AFTFAN ABCD2131
COMMON /COMALL/ COM(1062) ABCD2132
COMMON /COMDAT/ COMD (5423) ABCD2133
DIMENSION WORD(2), ERR(9), TFFXL(15), CNXL(15,15), DHTCXL (15,15),ABCD2134
ETATXL (15,15), NPTTFL{15) ABCD2135
DIMENSION Q(9), AWORD(2), WLO(2), WHI(2) ABCD2135
EQUIVALENCE (WORD{1), COM(1)), (IDES, COM(2)), (NONRP, COM(20)), ABCD2137
(TOLALL, COM (23)), (ZFR(1), COY (24)), (H22, COM(34)), (u2, LBCD213"
COM (94)), (T5, COM{102)), (H5, COM(103)), (S5, COM(104)), (%nS, ARCD2139
COM (105)), (FARS5, COM(1G5)), (HPEXT, CO%(129)), (PCNF, COM{137)),ABCD214°
{H3, COM(153)), (HM21, COM(2¢4)), (IE5, COM(272)), ABCD2141
(H55, COM(273)), (S55, COM(274%)), (TFLPDS, COM(27%5)), ABCD2142
(CNLPDS, CCM(276)), (FTLPDS, C04(277)), (TFLPCF, COM{2f1)), ABCD21¢L3
(CNLPCF, COM(282)), (ETLPCF, CCM(283)), (DHLPCF, COM(2%°4)), A3CD2144
(TFFLP, COM{289)), (CNLP, CCK(290)), (ETATLP, COM(291)), ABCD21U5
(DHTCLP, COM(292)}, (DHTF, CO%(293)), (SLLP, CO%(31%5)), E3CD21L5
(WG55, COM(323)), (FARSS, CCM(324)), (XNLP, COM(374)), ARCD2147
(E5, COM(385)), (P55, COM(327)), (USE, COM(288)), ABCD2188
(VLPTRB, COM(401)), (WAFP, COM(420)), (WAIP, COM(421)), ABCD2142
(XNLPDS, COM{425)), (PMILP, COM(428)), (ISPOOL, COM(10u44)), ABCD2150
(SI, COM(1055)), (FXFN2M, COM(1058))}, (AFTFAN, COM(1360)) ABCD2151
EQUIVALENCE (TFFXL(1), COMD(45606)), (CNXL(1,1), COMD(4621)), ABCD2152
(DHTCXL (1, 1), COMD (4846)), (ETATXL(1,1), COMD{(5071)), ABCD2153
(NTFFSL, COMD(5408)), (NPTTFL(1), COMD(5409)) ABCD2154%
DATA AWORD, WLO, WHI /LHCOLP, UHTB , U4H (LO, UH) , UWH (4TI, ABCD215%
4H) / RECD2156
WORD (1) = AWORD (1) RBCD2157
WORD(2) = AWORD(2) ABCD2158
IF {(SI) GO TO 100 ABCD2159
RA = ,0252D0 ABCD21€9)
AJ = 2.719D0 ABCD2151
CONFAC = 1.4091D-5 ABCD2162
GO TO 101 ABCD2153
RA = 286.9D0 ABCD2164
AJ = 1.0D0 ABCD2155
CONFAC = 1,0%66D-2 ABCD2164
THDE = DSQRT(T5) / PCNF ABCD2167
IF (IDES .EQ. 0) GO TO 1 ABCD2158
CNLPCF = CNLPDS * THDE ABCD21563
CNLP = CNLPCF / THDE ABCD2170C
CNLPS = CNLEF ABCDZ2171
TFFLPS = TFFLP ABCD2172
CALL SEARCH (-1.0D0,TFFLP,CNLP,DHTZLP,ETATLP,TFFXL(1),NTFFSL, ABCD2173
CNXL(1,1) ,DHTCXL(1,1) ,ETATXL(1,1),NPTTFL(1),15,15, IG)) ABCD2174
IF (IGD .EQ. 1 .OR. IGO .ED. 11 .JR. IGO .EQ. 21) ABCD2175
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102

1

WRITE (8,8) TFFLPS,W¥WLO

IF (IGO0 .EQ. 2 .OR. IGO .EQ. 12 .OR. IGO .EQ.
1 WRITE (8,8) TFFLPS, WHI

IF (IGO .EQ. 10 .OR. IGC .EQ. 11 .DR. IGO

1 WRITE (8,%) CNLPS,WLO

1

1

1

IF (IGO .EQ. 20 .OR. IGO .EQ. 21 .OR. IGO
WRITE (8,9) CNLPS,WHI

IF (IGO .NE. 7) GO TO 2

CALL EERROE

RETURN

NOMAP = O

TFLCAL = WG5 * DSQRT(TS) / (14.569€D0 * P5)
IF (SI) TFLCAL = WG5 * DSQRT(IS) / PS5
XNLP = XNLPDS * PCNF / 100.0DO

XNLDOT DERIV (3,XNLP)

DHACEL CONFAC * PMILP * XNLP * XNLDOT

"o

«EQ.

«EQ.

22)
12)

22)

DHTCF = (WAFP * (H22 - H2) + DHACEL) / (W65 * T5)

DEXT = DHTCF

IF (FXFN2M .AND. .NOT. AFTFAN) DHTCF = DEXT + WAIP ¥

/ (W65 * TS)

IF (FXFN2M .AND. RAFTFAN) DHTCF = DEXT + WAIP * (H21

(NG5 * T5)
IF (ISPOOL .GE. 2) GO Tn 11
BTUEXT = 0.706705D0 * HPEXT
IF (SI) ODTUEXT = HPEXT
DHTCF = DEXT + BTUEXT / (43S * I5)
IF (IDES .EQ. 0) GO TO 5

TFLPCF = TFLPDS / TFLCAL

DHLPCF = DHTCF / DHRTCLP

ETLPCF = FETLPDS / ETATLP

WRITE (6,10) CNLPCF,TFLPCF, ETLPCF,DHLPCF
TFLCAL = TFLPCF * TFLCAL

DHTCLP = DHLPCF * DHTCLP

ETATLP = ETLPCF * ETATLP

DHTF = DHTCF * T5

I1 = 3

I2 = 4

IF (ISPOOL .NE. 1) GO TO 102

I1 =1

I2 = 2

ERR(I1) = (TFLCAL - TFFLP) / TFLCRL
ERR(I2) = (DHTCF - DHTCLP) / DHTCF

CALL THTUKB (DHTF,ETATLP,FARS,H5,S5,P5,I55,H55,555,P%5)

IF (BLLP .LE. 0.0D0) GO TO 6

FAR55 = FARS5 * WG5 / (WGS + BLLP * (1.0D0 + FARD))

WG55 = WG5 + BLLP
H5% = (BLLP * H3 + WG5 * H55) / WGS55

CALL THERMO (P55,H55,T55,555,%X2,1,FAR55,1)

GO TO 7
FARS55 = FARS
WG55 = WG5S

IF (VLPTRB .EQ. 0.0D0) GO TO 21
0(2) = 0.0DO
0(3) = 0.0D0O

(H21

H2)

/

ARBCD2176
ABCD2177
ABCDZ178
ABCD2173
ABCD2180
A2cCD2131
ABCD2182
ABCD2183
ABCD2181%
ABCD218%
ABCD2185
ABCD2187
ABCD2188
EBCD2133
ABCD219°0
ABCD2131
ABCD2192
ABCD2132
ABCD2134
ABCD219%
ABCD2135
ABCD2197
RBCD212319
ABCD2199
ABCD220N
ARCD2231
ABCD2272
ABCD2233
A3CD2204
ABCD220:2
ABCD223¢
ARCD2277
ABCh220%
ABCN2209
ARCN2212
ABCH2211
A3CD2212
ABCD2212
ABCD221U
RBCD2215
ABCD2215
ARCD2217
ABCD2213
ARCD2212
ABCD22272
ABCD2221
ABCD2222
ABCD2223
ABCD2224
ABCD2225
ABCD2225
ABCD2227
ABCD2228
ABCD2229

81
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19

21

Vel NoXe]

0

82

¥
HS

WG55Pp =
B55P =
P55DOT

G55
5
DERIV (16,

P55)

CALL THERMO (P55,H55,T55,555,XX2,1,FAR55,0)

WG55 WG
u55
u55n0T

H55X

55p -

DERIV (17,

(WG55Pp * H55P -

Us5)

1 VLPTRB / T55 / RA) / WG55

ERRW (H

55 -

A55X) / H55

{(WG55P -

DIR = DSQRT (DABS(H55 / H55X))
CALL AFQUIR (Q(1),T55,ERRW,0.000,20.0D0,.1DC*TOLALL,DIR,TS55T, IGO)

GO TO (19
T55 = T55
GO TO 18
CALL ERRO
CALL FRTO
RETURN

«21,20),
T

R
SD

IGO0

P55DOT * VLPTRB / IS5 / 1.4DC / RA
H55 - RA * AJ * T55

WG55) * US55 - 055DO0T * PS5 *

FORMAT (19HO*****TFFLP OFF MAP,F10.4,2X,Al4,A2, 1TH **x**x$5355%)

FORMAT (19H(Q#**x*x* CNLP OFF MAP,F10.4,2X,A4,32, 11H***¥*x555535%)
FORMAT (20HOL.P. TURBINE DESIGN,5X,7HCNLPCF=,E15.8,8H TFLPCF=,

1 E15.8,8H ETLPCF=,E15.8,84 DHLPCF=,E15.8)

END

Subroutine COMIX

SUBROUTINE COMIX

IMPLICIT REAL*8 (A-4,n-2)

LOGICAL SI

COMMON /COMALL,/ COM(1062)

DIMENSION WORD(2), ERR(9), DUMDT(1F)

DIMENSION QQ(9), AWORD(2)

EQUIVALENCE (WORD (1), COM(1)), (IDES, COM{2)), (MODE, CO%{(6)),

1 (IGASMX, COY(10)), (NOMAP, CO¥(20)), (TPLALL, CO4(23)), (EPF(1),
2 COoM(24)), (AM25, COM(4S)), (T25, CHM(u6)), (P25, COM(87)), (H2S,
3 COM(48)), (S25, COM(49)), (A25, COM(3%)), (V25, CO¥(G9)), (A¥ES,
B coM(107)), (VvVS5, COM(108)), (a55, CTOM(109)), (PS55, CZOM(111)}),

5 (S6, COM(111)), (PS6, COM(112)), (V6, COM(113)),
6 (PRFDS, COM(125)), (2F, COM(136)), (PCNF, COM(137)),
7 {(T55, COM(272)), (H55, COM(273)), (S55, COM(274)),
8 (PRCDS, COM(297)), (WG2&, CoM(321)), (FAR2L, COM(322)),
g (WGS5, COM(323)), (FARS55, COM({324)), (AME, COM(327)),

1 (A6, COM(328)), (WGH, COHM(330)), (T€, COM(331)), (P6, COM(332)),
2 (H&, COM(333)), (P55, COM(387)), (DUMDI(1), COM(LOS)),

3 (PRFNEW, COM(S91)), (PRCNFW, COM(992)), (ICOMIX, COM(1047)),
4 (KKGO, COM (1048)), (SI, COM(105%5))

DATA AWORD /4H COM, LHIX [/

WORD (1) = AWORD(1)

WORD(2) = AWORD(2)

IF {SI) GO TO 100

AY = 778.25D0

CAPSF = 2116.2170D0

ABCD2230
ABCD2231
ABCD2232
ABCD2233
ABCD2234
ABCD2235
ABCD2236
ABCD22137
ABCD2238
ABCDN2239
ABCD2210
ABCD2241
ABCD2252
ABCD2243
ABCD224L
ABCD2245
ABCD2246
ABCD2247
ABCD2208
ABCD220U3
ABCD2250
ABCL2251
ABCD2252
ABCD2253
ABCD22%514

ABCD275%
ABCN223¢
ARCD22%7
RECD2253
ABCD225°
A3Cn22en
A3CD2261
AZBCD22€2
ABCD22£3
ABCD22€%
ARCD22%5
R3CD22ER
ABTN22€7
ARCDZ22E8
RBCD22€C
RBCD227C
ABCDZz271
A3CD2272
ABCN2272
ABCD2270
ABCD2275%
ABCD227€
ABCD2277
ABCD2278
ABCD2273
ABCDZ228C



R

100

101

C *&k

G = 32.174049D0
RDEM = 1.986375D0
GO TO 101

AJ = 1.0D0

CAPSF = 1.0D0

G = 1.0D0

RDEM = 8316.41D0
GAJ2 = 2.0 * G * AJ
ICOMIX = 0

CALL PROCOM (FAR55,T55,XX1,XX2,XX3,XX4,PHI55,XX5)
CALL PROCOM (FAR24,T25,XX1,XX2,XX3,XX4,PHI2S5,XX5)

IF (IDES .EQ. 0) GO TO 12
CALCULATE AS55 AND A25 WITH PS25=PS55
IF (PS55 .EQ. 0.0p0) GO TO 3

POP = PS55 / P55

ALPOPI = DLOG (1.0D0 / POP)
TSS55 = T55 * POP ** ,286D0
po1 I =1,50

CALL PROCOM (FAR55,TS55,C555,AK55,CP55,REXS5,PHISSS,

PHIS = PHIS55 - REX55 * ALPOPI

DELPHI = PHIS - PHISSS

IF (DABS(DELPHI) .LE. .1D0 * TOLALL * PRIS) GO TO €
TSS55 = TS55 * DEXP(4.0DC * DELPHI)

ICOMIX = 1

CALL ERROR

FEETURN

TS55 = 0.875D0 * TS5

po4 I =1,50

CALL PROCOM (FARS55,TS55,C555,AK55,CP55,REX55,PHTISSS,
VS5 = AMS5 * CS55

HSCAL = HS55 - VES5 *%x 2 / GAJ2

DELHS = HSCAL - HSS55

IF (DABS (DELHS) .LE. .5D0 * TOLALL * HSCAL)
TS55 = TSS5 + DZLHS / CP55

ICOMIX = 2

Gn TO 2

PS55 = P55 / DEXD((PHI5S - PHI355) /
IF (BS55 .GT. P25 .AND. IDES .EQ. 1
IF (H55 .GT. HS55) GO TO 7

WRITE (8,46) P55,P$55,755,TS$55,H55, HS55
ICOMIX = 3

CALL ERROR

GO TO &

REXS5)
.AND. IGASMX .GT

V55 = DSQRT (GAJ2 * (H55 - HS55))
RHD = CAPSF * PS55 / (AJ * REXS5S * TS55)
A55 = WG55 / (RHO * V55)

AM55 = V55 / S55

IF (IGASMX .GT. 0) GO TO 3
WRITE (6,47) AS55,AM55

IF (IGASMX) 35,41,8

PS25 = P3S55

POP = PS25 / P25

ALPOPI = DLOG(1.0D0O / POP)

TS25 = T25 * POP ** .286D)

po9 I =1,50

ABCD2281
ABCD2222
ABCD2283
ABCD2283%
ABCD2285
ABCN2285
ABCD2287
ABCD2283
ABCD2289
ABCD2232
ABCD2231
ABCD?2292
ABCD2233
ABCD2294%
ABCD22%5
ABCD2266
ABCD2297
ABCD2298
ABCD2293
ABCD2307
ABCD2301
ABCD2302
ABCD2303
ABCD230%
A3CD2395
ARCD2306
ABCD2307
ABCD23C8
ARCD23053
ABCD231)
ABCD23M
A3CD2312
ABCD2313
ABCD2314
ABCD231%
ABCD231%
ABCD2317
GO T3 LSABCD2?13
AECD2113
ABCD2320
ABCD2321
ABCD2322
LBCD2323
ABCD2324
A3CD232¢%
ABCD21325%
ABCD2327
ABCD21323
ABCD232¢
AECD233¢C
ABCD2331
ABCD2332
ARCNR21332
RAECD233%

HS55)

HS55)

. 0)
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16

17

18

84

CALL PFOCOM (FAR24,TS25,CS25,3K25,CP25,REX25,PHIS25,HS25)
PHIS = PHI2S - REX25 * ALPOPI

DELPHI = PHIS - PHIS25

IF (DABS (DELPHI) .LE. .1D? * TOLALL * PHIS) GO TO 10
TS25 = TS25 * DEXP (4.0D0 * DELPHT)

ICOMIX = 4

GO TO 2

IF (H25 .GT. HS25) GO To 11

WRITE (8,48) P25,PS2%,T25,TS25,H25,HS25

ICOMIX = §

CALL ERROER

V25 = DSOQRT (GAJ2 * (H25 - HS25))
RHO = CAPSF * PS25 / (AJ * REX25 * TS25)
225 = WG24 ,/ (RHO * V25)

AM25 = V25 ,/ CS25

WRITE (6,49) A55,AM55,A25,AM25

GO T0 27

CALCULATE PS55 AND PS2S

WQA = WGS55 / AS55

C1 = P55 * DSQRT(G / (T55 * AJ)) * CAPSF

MCON = 0

0Q(2)y = 0.0D0

00 (3) = 0.0DO

AM55 = 0.50D0

TS55 = 0.875D0 * TS5

DO 14 T = 1,50
CALL PROCOM (FARS5,TS55,C355,AK55,CP55, REXES,PHIS55,HS55)
V55 = AMS5 * CS55
HSCAL = H55 - V55 #** 2 / GAJ2
DELHS = HSCAL - HSS5S
IF (DABS (DELHS) .LE. .5D0 * TOLALL * HSCAL) GO TO 15
?S55 = TS55 + DELHS / CP55
ICOMIX = 6
GO TO 2
WQAT = C1 * DSQRT(AKS5S5 / REXS55) =+ AM55 / (1.0D0 + (AKS5S -
1 AM55 ** 2 s 2.0D0) ** ((AK55 + 1.0D0) / (2.0D0 * (AKS5S5 -
AMX = AMS5
IG0GO = 0
DIR = WQA / WQAT
EN = (WQA - WQAT) / WOA

ABCD2335
ABCD23356
ABCD2337
ABCD2138
ABCD2339
ABCD23U0
ABCD2341
ABCD2342
ABCD2343
ABCD23uY
ABCD2345
ABCD2345
ABCD2347
ARCD2348
ABCD234)
ABCD2350
ABCD2351
ABCD2352
ABCD2353
ABCD2354%
ARCD2355
ABCD235¢
ABCD2357
ABCD2358
ABCD2359
ABCD235)
ABCD2361
ABCD2362
ABCD2363
ABCD2364
ABCD2365
ABCD2366
ABCD2367
ABCD2368
1.0D0) *ABCD2363
1.0D0))) ABCD2370
ABCD2371
ABCD2372
ABCD2373
ABCD2374

CALL AFQUIR (QQ(1) ,AMX,EW,2.0D2,306.0D0,.5D0O*TOLALL,DIR,AMXT, ICON) ABCD2375

ICOMIX = 7

Go TO0 (17,22,2), ICON

IF (AMXT ,LE. 1.0D0) GO T2 20
AMXT = 0.7DO

MCON = MCON + 1

IF (MCON ,LE. 1) GO TO 20

IF (MODE .EQ. 3) GO TO 19
PCNF = DUMD1(1)

WRITE (8,50) PCNF,AMX,P55,PS55,P25,PS25
PCNF = 1.01D0 * PCNF

DUMD1(1) = PCNF

NOMAP = 7

ICOMIX = 0

ABCD2376
ABCD2377
ABCD2378
ABCD2373
ABCD2387
ABCD2381
ABCD2382
ABCD2383
ABCD238Y
ABCD2385
ABCD2385
ABCD2387
ABCD2388



RETURN ABCD238)
19 WRITE (8,51) ZF,AMX,P55,P555,P25,PS2S ABCD2300
ZF = 0.99D0 * ZF ABCD2321
GO TO 18 ABCD2392
20 IF (IGOGO .EQ. 1) GO TO 21 ABCD2393
AM55 = AMXT ABCD2393%
GO TO 13 23CD2395
21 AM25 = AMXT ABCD2396
GO To 23 ABCD2307
22 IF (IGOGO .EQ. 1) GO TO 256 ABCD2398
PS55 = P55 s DEXP((PHI55 - PHIS55) / REX55) APCD2393
IF (IGASMX) 35,41,103 ABCD2409D
103  WQA = WG24 / A25 ABCD2091
C1 = P25 * DSQRT(G / (T25 * AJ)) * CAPSP ABCD24)?2
MCON = 0 ABCD2403
Q0(2) = 0.0D0 ABCD240Y
00(3) = 0.0DO ABCD2405
AM25 = 0.25D0 ABCD2405
TS25 = 0.875D0 * T25 ABCD2u07
23 DO 24 I = 1,50 ABCD2408
CALL PROCOM (FAR24,TS25,C525,AK25,CP25,REX25,PHIS25,HS25) ABCD2409
V25 = AM25 * CS25 ARCD2410
HSCAL = H25 - V25 ** 2 / GAJ2 ABCD2011
DELHS = HSCAL =~ HS25 ABCD2412
IF (DABS(DELHS) .LE. .5D0 * TOLALL * HSCAL) GO TO 25 ABCD2Y 13
24 TS25 = TS25 + DELHS / CP25 ABCD2414
ICOMIX = 8 ABCD2615
GO TO 2 ABCD2U416
25 WOAT = C1 * DSQRT(AK25 / REX25) * AM25 / (1.0D0 + (AK25 - 1.0DO0) *ABCD2417
1 AM25 %% 2 s 2,0D0) ** ((AK25 + 1.0D0) / (2.0D0 * (AK25 - 1.0D0)))ABCD2u418
AMX = AM25 ABCD2419
1G0Go = 1 ABCD2420
GO TO 16 ABCD2421
26 PS25 = P25 / DEXP((PHI2S5 - PHIS25) / REX25) . ABCD2u22
27 WG6 = WG24 + WG55 ABCD2423
BERR(5) = (PS25 - PS55) / PS25 ABCD2424
WF55 = FAKS55 * WG55 / (FAR55 + 1.0D0) ABCD2425
WAS55 = WG55 / (FAR55 + 1.0D0) ABCD2426
WF24 = FAR24 * WG24 / (FAR24 + 1.0D0) ABCD2427
WA24 = WG24 / (FAR24 + 1.0DO) ABCD2428
FAR6 = (WF55 + WF24) / (WASS + WA2U4) ABCD2429
H6 = (WG24 * H25 + WG55 * H55) / HWG6 ABCD2030
CALL THERMO (1.0DO,H6,T6,PHI6,AMX,1,FAR6,1) ABCD2431
C1 = PS55 * AS55 * (1.0D0 + AK55 * AMSS *% 2) + PS25 * A25 * ABCD2432
1 (1.0D0 + AK25 * AM25 *x 2) ABCD2433
TS6 = 0.833D0 * T6 ABCD2434
DO 32 I = 1,50 ABCD2435
CALL PROCOM (FAR6,TS6,CS6,AK6, P6,REX6,PHIS6,HS6) ABCD2436
C2 = WG6 * DSQRT(AJ * REX6 * T6 / (AK6 * G)) ABCD2837
C3 = C2 / (CAPSP * C1) ABCD2438
C4 = (AK6 - 1.0D0) / 2.0D0 - (Z3 * AK6) ** 2 ABCD2439
C5 = 1.0D0 - 2.0D0 * AK6 * C3 ##% 2 ABCD2440
C6 = C5 ** 2 + 4,0D0 * C4 * C3 *x 2 ABCD2841
ICOMIX = 9 ABCD2442
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IF (C6) 28,29,30
CALL ERROR

RETURN

AMB2G = = C5 / (2.0D0 * C4)

Go TO 31

AM62G = (DSQRT(C6) - C5) / (2.0D0 * C4)
IF (AM62G .LE. 0.0D0) GO TO 28

AM6G = DSQRT (AM62G)

V6 = AM6G * CS6

HSCAL = H6 - V6 ** 2 / GAJ2

DELHS = HSCAL - HS6

IF (DABS (DELHS) .LE. .5D0 * TOLALL * HSCAL) GO TO 33
TS6 = TS6 + DELHS / CP6

ICOMIX = 10

CALL ERROR

A6G = A25 + ASS

C7 = DSQRT (1.0D0 + (AK6 - 1.0D0) * AM62G / 2.0D0)
PS6 = C2 / (CAPSF * A6G * AM6G * C7)

P6 = PS6 * DEXP((PHI6 - PHISE) / REX6)
CALL THERMO (P6,H46,T6,5€,XX1,1,FAR6,0)
S6AVE = (WG24 * S25 + WG55 * 555) / WG6
IF (56 <GE. S6AVE) GO TO 35

S6 = SEAVE

P6 = DEXP(AMX * (PHI6 - S6) / RDEM)

IF (IGASMX .LE. 0) GO TO 36

GO TO (43,37), IGASHMX

T6 = T55

Pp6 = P55

H6 = H55

S6 = S55

WG6 = WGS5
PS6 = PS55
FAR6 = FARS5
AK6 = AKSS

IF (IDES .EQ. 0) GO TO 38

CALCULATES A6 AS A FUNCTION OF INPUT AM6

TSE = T6 s (1.CDO + (((AK6 - 1.0D0) / 2.0D0) * AM6 *x 2))

po 34 JJ = 1,50

AK6P = BK6

CALL PROCOM (FAR6,TS6,CS6,AK6,CP6,REX6,PHISE, HS6)

V6 = AM6 * CS6

DELAK6 = AK6P - RKS6

IF (DABS(DELAK6) .LE. .5D0 * TOLALL * AK6) GO T0 54

TS6 = T6 / (1.0D0 + (({(AK6 - 1.0DC) / 2.0D0) * AM6 ** 2))

ICOMIX = 11

CALL ERROR

PS6 = P6 s ((1.0D0 + (((AK6 - 1.0D0) / 2.0D0) * AM6 %% 2)) *x*
(AK6 / (AK6 =~ 1.0D0)))

AM6ABD = AM6

RHO = CAPSF * PS6 / (AJ * REX6 * TS6)

A6 = WGE / (RHO * V6)

WRITE (6,52) A6

GO TO 44

CALCULATES M6=F (A6DESIGN)

ABCD2843
ABCD2444
ABCD2485
ABCD2uU5
ABCD2447
ABCD2448
ABCD2449
ABCD2450
ABCD2451
ABCD2452
ABCD2453
ABCD2454
ABCD2455
ABCD2455
ABCD2457
ABCD2458
ABCD2u459
ABCD2U46D
ABCD2461
ABCD2452
ABCD2463
ABCD2464
ABCD2465
ABCD246K6
ABCD2U467
ABCD2458
ABCD24563
ABRCD2470
ABCD2471
ABCD2472
ABCD2473
ABCD2474
ABCD2475
ABCD2L76
ABCD2477
ABCD2478
ABCD2473
ABCD243)
ABCD2U81
ABCD2432
ABCD2483
ABCD2484
ABCD285
ABCD2U 8¢
ABCD2U87
ABCD2488
ABCD2483
ABCD2UOD
ABCD2431
ABCD2492
ABCD24393
ABCD2U9Y
ABCD2485
ABCD243%¢



38 TS6P = T6 / (1.0D0 + (((AK6 - 1.,0D0) / 2.0D0) * AMGABD ** 2)) ABCD2437

po 39 I = 1,50 ABCD2498

CALL PROCOM (FAR6,TS6P,CS6,AK6,CP6,REX6,PHISE,HSE) ABCD2833

PS6P = PS6 * (TS6P / TS6) ** (AK6 / (AK6 - 1.0D0)) ABCD2500

RHO6 = CAPSF * PS6P / (BJ * REX6 * TS6P) ABCD2501

V6 = DSQRT(GAJ2 * (H6 - HS6)) ABCD2502

IF ((H6 - HS6) .LT. 0.0D0) GO TO 42 ABCD2503

A6P = WG6 / (RHO6 * V6) ABCD25)4%

DELA6 = A6P - A6 ABCD2505

V6 = WG6 / (RHOG6 * A6) ABCD2506

AM6 = V6 s CS6 ABCD2537

AME2 = AM6 ** 2 ABCD2508

IF (DABS (DELA6) .LE. .002D) * A6) GO TO 40 ABCD2509

39 TSEP = T6 / (1.0D0 + (((AK5 =~ 1.0DD) / 2.0D0) * AM62)) ABCD2%10
ICOMIX = 12 ABCD2511

CALL ERROR ABCD2512

4o TS6 = TS6P ABCD2513
PS6 = PS6P ABCD2514

GO TO 44 ABCD2515

41 T6 = TS5 ABCD2515
P6 = P55 ABCD2517

H6 = H55 ABCD2518

36 = S55 ABCD2513

WGE = WG55 ABCD2520

PS6 = PS55 ABCD2521

V6 = V55 ABCD2522

AM6 = AM55 ABCD2523

IF (IGASMX .EQ. 0) A6 = ASS ABCD2524%

GO TO 44 ABCD2525

42 WRITE {(6,53) H6,HS6 ABCD2526
ICOMIX = 13 ABCD2527

CALL ERROR ABCD2528

43 AM62 = AM62G 23CN2523
AM6 = AM6G ABCD253N

A6 = A25 + AS5 ABCD2531
ICOMIX = O ABCD2532

N CALL COAFBN ABCD2533
RETURN ABCD2534

45 KKGO = 1 ABCD2535
OPEDS = PRFDS * PRCDS ABCD2536
PRFNEW = PRFDS * PS55 ,/ P25 * 1,02D0 ABCD2537
PRCNEW = OPRDS / PRFNEW ABCD253%
ICOMIX = 0 ABCD2539

CALL ENGBAL A3CD2542
RETURN ABCD25041

c ABCD2542
C ABCD2543
46 FORMAT (22HOSQRT OF H55-HS55 NEG ,6E15.6,6H$$3$$33) ABCD254%
47 FORMAT (20HOTURBINE AREA DESIGN, 5X, 6H A55=, E15.8, 8H  AM55=, ABCD2545
1 E15.8) ABCD2545

48 FORMAT (22H0SQRT OF H25-HS25 NEG ,6E15.6,6H$$$55%) ABCD25U7
43 FORMAT (25HOTURBINE/DUCT AREA DESIGN,7H  AS55=,E15.8,8H  2455=, ABCD2542
1 E15.8,8H A25=,E1%5.8,8H AM25=,E15.8) ABCD2549

50 FORMAT (12HOCOMIX PCNF=,F7.4,84 AM=,PB8.6,5F P55=,F9.5,6H PS55=, ABCD2552
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1 F9.5,50 P2%=,F9.5,6H PS25=,F9.5,6H5$555%) ABCD2551

51 FORMAT (V0HOCOMIX ZF=,P8.5,4H AM=,F8.6,5H P55=,F9.5,€H PS55=,F9.5,ABCD2552
1 5H pP25=,F%.5,6H PS25=,F9.5,6HE$5$53) ABCD25c3
52 FORMAT (3X,27HAFTERBURNER DESIGN AREA A6 ,F8.3) ABCD2551
53 FORMAT (3X,18HNEG.HS6é FACTOR H6 ,F9.4,3X,4HHS6 ,F9.1L) ABCD2555
END ABCD2555

Subroutine COMNOZ

SUBROUTINE COMNOZ ABCD2557
IMPLICIT REAL*8 (A-H,0-Z) ABCD2558
COMMON /COMALL/ COM(1062) ABCD2553
DIMENSION WORD(2), ERR(9) ABCD2560
DIMENSION AWORD(2) ABCD2561
EQUIVALENCE (WORD{1), COM(1)), (IDES, COM(3)), (IAFTBN, COM(12)),ABCD2552
1 (IMCD, COX(14)), (IMSHOC, COM(16)), (NOZFLT, COM(17)), ABCD2563
2 (ERR(1), COM(24)), (P1, COM(33))., (WG7, COM(334)), ABCD2564
3 (FAR7, COM(335)), (T7, coM(343)), (H7, COM(344)), (57, COM(345)),ABCD2565
4 (A8, COM(346)), (ABSAV, ZOM(347)), (TS8, COM(348)), ABCD2566
5 (PS8, COM(349)), (V8, COM(350)), (AM8, COM(351)), (IS, COM(352)),ABCD2567
6 (P8, COM(353)), (HR, COM(354)), (S8, COM(355)), (A9, COM(356)), ABCD25E8
7 (A9SAV, COM(357)), (TS9, COM(358)), (PS9, COM(359)), ABCN2569
8 (V9, COM(360)), (AM®, COM(361)), (T9, COM(362)), (P9, COM(363)), ABCD2570
9 (HI, COM(364)), (S9, COM(365)), (P7, com(389)), ABCD2571
1 (ISPOOL, COM(1044)), (ITRAN, COM(1049)) ABCD2572
DATA AWORD /4HMNOZ, 4HZL / ABCD2573
WORD(1) = AWORD(?1) ABCD2574
WORD (2) = AWORD (2) ABCD2575
ABSAV = A8 ABCD25756
A9SAV = A9 ABCD2577
NOZM = 0 ABCD2578
IMNOZ = O ABCD2579
IF (ITRAN .EQ. 1) CALL NOZCTR ABCD258)
IF (NOZFLT .EQ. 1 .OR. NOZFLT .EQ. 3) NOZM = 1 ABCD2581
IF (IDES .EQ. 1 .OR. IAFTBN .GT. O .OR. NOZM .EQ. 1) IMNOZ = 1  ABCD2582
IF (ITRAN .EQ. 1) 1IMNOZ = O ABCD2583
IF (IMCD .EQ. 1) GO TO 1 ABCD2584
CALL CONVRG (T7,H7,P7,S7,FAR7,%37,P1,IMNOZ,A8,PTR,T8,H8,P8,58,TS8, ABCD2585
1 PS8,v8,AM8,ICON) ABCD2586
Go TO (3,3,3,2), ICON ABCD2587
1 CALL CONDIV (T7,H7,P7,S7,FAR7,WG7,DP1,IMNOZ, A8,A9,P7R,T8,H8,P8,58, ABCD2588
1 79,H9,P9,5¢,Ts8,Ts9,PS8,PS9,V8,V9,aM8,249, ICON) ABCD2582
IMSHOC = ICCN ABCD2590
GO TO (4,8,4,2), ICON ABCD2591
2 CALL ERROR ABCD2532
3 T9 = T8 ABCD2593
H9 = H8 ABCD2534%
P9 = P8 ABCD2595
S9 = S8 ABCD2535
TS9 = TS8 ABCD2597
PS9 = PS8 ABCD2593
V9 = V8 ABCD2599
AMY = AMB ABCD2600
A9 = A8 ABCD2601
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IMSHOC = ICON + 3 ABCD2€02

4 ERR(6) = (P7R - P7) / P7TR ABCD2603
IF (ISPOOL .EQ. 1) ERR(3) = ERR(6) ABCD260Y

IF (IMNOZ .EQ. 1) WRITE (6,5) A8,AM8,A9,AMO ABCD2605
RETURN ABCD2605

C ABCN2607
C ABCD2608
5 FORMAT (14HONOZZLE DESIGN,10X,3H A8=,E15.8,8H AM8=, E15.8, ABCD2609
1 8H A%=,E15.8,8H AMS=,E15.8) ABCD2610

END ABCD2611

Subroutine CONDIV

SUBROUTINE CONDIV (TI,HI,PI,SI,FAR,WG,PA,IDES,AT,AO,PIR,TT,HT,PT, ABCD2F12

1 sr,TO,H0,P0,S0,TST,TS0,PST,PSO, VT, V0O, AMT, AMO, ICON) ABCD2613

C ICON=1 SUBSONIC, COMPARE PIR WITH PI ABCD261Y4
c ICON=2 SONIC, SHOCK INSIDE NOZZLE, COMPARE PIR WITH PI ABCD2615
o) ICON=3 SONIC, SHOCK OUTSIDE NJZZLE, COMPARE PIP WITH PI ABCL2615
C ICON=4 ERROR ABCD2617
IMPLICIT REAL*8 (A-H,O0-7) ABCD2f18
LOGICAL 2ZI ABCD2613
COMMON /COMALL/ COM(1062) ABCD2€20
DIMENSION Q(9) ABCD2621
EQUIVALENCE (TOLALL, CCM(23)), (ZI, COM(1055)) ABCD2622

Q(2) = 0.0D0 BBCD2623

Q(3) = 0.0DO ABCD2624

IF (2I) GO TOo 100 ABCD2625

AJ = 778.26D0 ABCD26286

CAPSF = 2116.2170D0 ABCD2€627

G = 32.174049D0 ABCD25K28

GO TO 101 ABCD2629

100 AJ = 1.0D0 ABCD2639
CAPSF = 101325.0D0 ABCD2631

G = 1.0D0 ABCD2632

101 GAJ2 = 2.0 * G * AJ ABCD2633
CALL PROCOM (FAR,TI,XX1,XX2,XX3,XX4,PHII,XX6) ABCD2634%

C *%* SONIC CALCULATIONS ABCD2635
TSS = 0.833D0 * TI ABCD2636

po 2 J = 1,50 ABCD2637

CALL PROCOM (FAR,TSS,CSS,AK,CP,REXS,PHISS,HSS) ABCD2638

HSCAL = HI - CSS ** 2 / GAJ2 ABCD263)

DELHS = HSCAL - HSS ABCD2640

IF (DABS (DELHS) .LE. .5D0O * TOLALL * HSCAL) GO TO & ABCD2641

2 TSS = TSS + DELHS / CP ABCD2642
3 ICON = 4 ABCD2643
RETURN ABCD2544

4 IF (IDES .LE. 0) GO TO 11 ABCD2645
C #*¥% SONIC DESIGN, CALCULATE AT ABCD2646
VT = CSS ABCD26417

TST = TSS ABCD26U43

PST = PI * (TST / TI) ** (AK / (AK - 1.0D0)) ABCD2689

RHO = CAPSF * PST / (AJ * REXS ® TST) ABCD265)

AT = WG / (RHO * VT) ABCD2651

ANT = 1.0D0 ABCD2652
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C *** IDEAL EXPANSION DESIGN, CALCULATE AO ABCD2653

PSO = PA ABCD2654
TSD = TI * (PSO / PI) ** .286D0 ABCD2655
po7 J= 1,50 ABCD2656
CALL PROCOM ({FAR,TSO,CSO,AK,CP,REX, PHISO, HSO) ABCD26A57
PHICAL = PHII - REX * DLOG(PI / PS0) ABCD2658
DELPHI = PHICAL - PHISO ABCD2659
IF (DABS (DELPHI) .LE. .1D0 * TOLALL * PHICAL) GO TO 8 ABCD2660C
7 TSO = TSO * DEXP(4.0D0 * DELPHI) ABCD2661
GO TO 3 ABCD2662
8 VO = DSQRT(GAJ2 * (HI - HSD)) ABCD2653
AMD = VO / CSO ABCD266Y
AKP1 = AK + 1.0DO ABCD2665
AKM1 = AK - 1.0DO ABCD2FE6
A0 = (AT / AMO) * (2.0D0 * (1.0D0 + 3AKM1 * AMD %% 2 / 2,0DO0) / ABCD2657
1 AKP1) #*#% (AKP1 / (2.0D0 * AKM1)) ABCD2653
PIR = PI ABCD2659
ICON = 3 ABCD2€70C
9 TO = TI ABCD2€71
HO = HI LBCD2F72
PO = PI ABCD2673
S0 = SI ABCD267Y
10 TT = TI ABCD2675
HT = HI ABCD2E75
PT = PI ABCD2677
ST = SI ABCD2673
RETURN ABCD2679
C *%* ASSUME SONIC THROAT AND ISENTRDPIC ZEZXPANSION TO AD ABCD268)
11 VT = CSS A3CD2F81
AMT = 1.0DO ABCD2632
TST = TSS A3CD2633
RHO = WG / (AT * VT) ABTD2F8Y
PST = RHO * AJ * REXS * TST / CADSF RBCN2F8S
PIR = PST * (TI ,/ TST) #** (AK / (AK — 1.0D0)) ABCD2€ERF
IF (PST .GE. PA) GO TO 27 ARCD2E87
TSO = 0.95D0 * TI ARCD2628
MAM = O ABCD2683
13 CALL PROCOM (FAR,TSO,CSG,AK,CP,REX, PHISO, HSO) RRCD2£90
AKP1 = AK + 1.0DO ABCD2591
AKM1 = AK - 1.0DO ABCD2£92
AMO = DSQET(2.0D0 * ((TI / TSO) - 1.0D0) / AK™1) ABCD2693
AOCAL = (AT / AMO) * (2.0DJ * (1.0DJ + AKM1 * AMO % 2 / 2.0DC) / ABCD2694
1 AKP1) ** (aKP1 / (2.0DC * AKM1)) ABCD2695
EA = (AO - +AOCAL) / AO ABCD269¢
DIR = DSQKT (A0 / AOCAL) ABCD2607
CALL AFQUIR (Q(1),PSJ,EA,0.0D0,100.7D0,.1D0*TOLRLL,DIF,TSNT, JCON) ABCD2693
Go TO (14,18,3), JCON ABCD2699
14 TSO = TSOT ABCD2700
IF (TSO - TI) 15,13,16 ABCD2701
15 TSC = 2.0D0 * TI / (RK + 1.0DO0) ABCD2702
1F (TSO .GT. TSC) GO TC 17 ABCD2703
16 TSO = 0.98D0 * TI ABCD2704
GO TO 13 ABCD2705
17 IF (0(2) .LT. 30.0D0 .OF. AMO .LT. 0.95D0 .OR. MAM .EDQ. 1) ABCD2705
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; R —

1 G0 70 13
TS) = 2.0DC * TI 7/ (2.0D0 + 0.98D0C * (AK - 1.0D0))
1

MAM =
GO TO 13
18 PSO = PIR * (TSO / TI) #*%* (AK / (AK ~ 1.0D0))

IF (PSSO - PA) 20,19,27
C *%% CRITICAL FLOW, ISENTROPIC EXPANSION TO PA

19 VO = AMO * CSO
ICON = 1
GO TO 9
C *x%x SUBSONIC FLOW
20 PSO = PA
0(2) = 0.0DO
0(3) = 0.0DO

! TS0 = 0.833Dp0 * TI
po 22 J = 1,50
CALL PROCOM (FAR,TSO,CSO,AK,CP,REX, PHISO, HSO)
RHO = CAPSF * PSO / (AJ * REX ¢ TS0)
V) = WG / (RHO =* RAQ)
HSCAL = HI - VO ** 2 / GAJ2
DELHS = HSCAL - HSO
IF (DABS(DELHS) .LE. .5D0 ¥* TOLALL * HSCAL) GO TO 23

22 TS0 = TSO + DELHS / CP
GO TO 3

23 AMO = VO / CSO
PIR = PSC * (TI s TSO) ** (AK / (AK - 1.0D0))
TST = TSO

24 CALL PROCOM (FAR,TST,CST,AK,CP,REX,PHIST,HST)
EST PIR * (TST / TI) ** (AR / (AK - 1.0D0))

RHO = PST * CAPSF / (AJ * REX * TST)

VT = WG / (RHO * AT)

HSCAL = HI - VT ** 2 / GAJ2

EH = (HSCAL - HST) / HSCAL

PIR = 1.0D0 + (HSCAL - HST) / (CP * TST)

CALL AFQUIR (Q(1),TST,EH,0.0D0,20.0DC,.5DO*TOLALL,DIR,TSTT,JCON)
GO TO (25,26,3), JCON

25 TST = TSTT
GO TO 24
2¢ AMT = VT / CST
ICON = 1
GO TO 9
C *%* SUPERCRITICAL FLOW, ISENTROPIC EXPANSION TO PA
27 PSO = PA

TSO = TI * (PSO / PIR)} x* ,286D0

Do 29 J = 1,50

CALL PROCOM (FAR,TSO,CSO,AK,CP,REX, PHISO, HSO)

PHICAL = PHII - REX * DLOG(PIR / PSO)

DELPHI = PHICAL - PHISO

I¥ (DABS(DELPHI) .LE. .1D0O * TOLALL * PHICAL) GO TO 30

25 TSO = TSO * DEXP(4.0D0 * DELPHI)
GO TO 3
390 VO = DSQRT(GAJ2 * (HI -~ HSD))

AMO = VO / CSO
AKP1 = AK + 1.0DO

ABCD2707
ABCD2703
ABCD2709
ABCD2710
ABCD2711
ABCD2712
ABCD2713
ABCD271L
ABCD2715
ABCD?71€
ABCD2717
ABCD2718
RBCD2719
ABCD2720
ABCD2721
ABCD2722
ABCD2723
ABCD272%4
ABCD2725
ABCD2726
ABCD2727
ABCD2728
ABCD2723
ABCD2730
A3CD2731
ABCD2732
ABCD2733
ABCD2734
ABCD2735
A3CD2735
ABCD2737
ABCD2733
ABCD2739
ABCD2740
ARCD2741
ABCD2742
ABCD2743
ABCD2744
ABCD2745
ABCD2745
ABCD2747
ABCD2748
A3CD2743
ABCD27E0
ABCD2751
ABCD2752
A3CD2753
ABCD2754
ABCD2755
ABCD27556
ABCD2757
ABCD2758
ABCD2759
ABCD2760
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C k%%

N
32

3k

35

C *k*

C *%x%

37

C *%x%

C **x%

30

a1

u2

92

AKM1 = AK - 1.0DO

AOID (AT / AMO) * (2.0D0 * (1.0DD + AKM1 * AMO ** 2 / 2.0D0)
1 AKP1) *#* (AKPT / (2.0D0 * AKM1))

ICON = 3

N =0

IF (AO - AOID) 31,9,32

SUPERCRITICAL FLOW, TISENTROPIC EXPANSION TO RO

N =1

TS0 = 0.833D0 * TI

po 34 J = 1,100

CALL PROCOM (FAR,TSO,CSO,AK,CP,REX,PHISO,HSO)
AKPY? = AK + 1.0DO

AKM1 = BRK - 1.0DO

AMO = DSQRT(2.0D0 * ((TI / TSO) - 1.0D0) / RAKM1)

AOCAL = (AT / AMO) * (2,0D0 * (1.0D0 + ARMT * AMO **x 2 / 2.0D0)

1 AKP1) *% (AKP1 / (2.0D0 * AKM1))
DELA = AO - ROCAL

IF (DABS(DELA) .LE. .1D0 * TOLALL * A0) GO TO 35

TSO = TSO * DSQRT (AOCAL / AO)
GO TO 3

IF (N .LE. 0) GO TO 37

UNDEREXPANDED, SHOCK OUTSIDE NJ7ZZLE

PSO = PIR * (TSO / TI) ** (AK / (AK - 1.0D0))
VO = AMO * (SO

GO TO 9

OVEREXFANDED, FIND SHOCK POSITION

PSX = PIR * (TSO / TI) ** (AK / (AK - 1.0D0))

PSY = PSYX * (2.0D0 * AK * AMO ** 2 / (AK 4 1.0D0) - (AK -

1 (2K + 1.0D0))

IF (PA .GE. PSY) GO TO 39

OVEREXPANDED, SHOCK OUTSIDE NOZZLE

PSO = PSX

VO = AMO * CSO

GO TO S

OVEREXPANDED, SHOCK INSIDE NOZZLE

PSO = PA

Ts) = 0.833D0 * TI

Do #1 J3 = 1,50

CALL PROCOM (FAR,TS0O,CSO,AK,CP,REX, PHISO, HSO)
PHO = CAPSF * PSO / (AJ * REX * TSO)

VO = WG / (RHO * RAO)

HSCAL = HI - VO ** 2 / GAJ2

DELHS = HSCAL - HSO

IF (DABS (DELHS) .LE. .5D0 * TOLALL * HSCAL)
TSO = TSO + DELHS / CP

Go TO 3

AMO = VO / CSO

TO = TI

HO = HI

PO = PSO * (TO / TSC) ** (AK / (AK - 1.0D0))
SO0 = PHII - REX * DLOG (PO)

ICON = 2

Go TOo 10

END

GO IO 42

/

ABCD2781
ABCND27582
ABCD2763
ABCD2754
ABCD2765
ABCD274/6
ABCD2767
ABCD2768
ABCD27665
ABCD2770
ABCD2771
RBCD2772
ABCD2773
ARCD2774
ABCD2775
ABCD2776
ABCD2777
ABCD2778
ABCD2779
ABCD2783
ABCD2781
ABCD2782
ABCD2783
ABCD2784
ABCD278°5
ABCD2786
ABCD2787

1.0D0) /ABCD2783

ABCD2789
ABCD2730
ABCD2791
ABCD2732
ABCD2793
ABCD2734
ABCD2795
ABCD2795
ABCD2797
ABCD2733
ABCD275%9
ABCD280D
ABCD2831
ABCD2802
ABCD2803
ABCD2804
ABCD2805
ABCD2806
ABCD2807
ABCD2808
ABCD2803
ABCD2810
ABCD2811
ABCD2812
ABCD2813
ABCD2814



SUBROUTINE CONOUT (ICON)
(A-H,0-7)

IMPLICIT
LOGICAL

REAL*S
SI

Subroutine CONOUT

COMMON /COMALL/ COM(1062)
WORDY (368,2),
2), WOR21(152),

DIMENSION
1 WOR11(15

2 WOR32(64), THEEND(2),
CE (TIME,COM(993)),
CE (WOR11(1) ,WORDY(1,1)),

EQUIVALEN
EQUIVALEN

1 (WOR31(1),WORDY (305,1)),
2 (WOR22(1),WORDY(153,2)),

DATA WOR1
4se1 ,
4HA24 ,
4ps25 ,
4HP28 ,
4HPS 29,
4HETAD,
UHXH25,
UEXWFB,
4uT22D,
LHWGS ,
4uve ,
4HPRFC,
4HHPEX,
4HPCNF,
UHDHTI,
4443 ,
4ur50 ,
4HPCBL,
4HETAI,

DATA WOR2
4HWFBD,
44BLC ,
UHXT21,
4HXBLD,
4HTS38,
4HTS39,
UHFNMR,
QHCVMN,
4HTFAR,
4HFG ,
4Hs21 ,
44455 ,
4HTFLP,
BHTFFL,
4LHPRCD,
4HPCBL,
4LHBLHP,
LHWG24,
QHWG6C,

SO ONOTVNEWN@QOUOINOUE WN =

DM OO NEWN=OVONOAUTEWN -

1/
YHH22
LHT24
LHA28
LHH28
4HT29 ,
4HDPDU,
4HXS25,
UHXWFD,
4HA2S5 ,
4HFARS,
4HTFHP,
4HETAF,
4LHDUMD,
4HPCBL,
4HZIDS,
4HWA3 ,
4HH50 ,
4HPCBL,
LHWAIC,
1/
4HZFDS,
4HCS |,
4HxXP21,
4HWG37T,
4HPS38,
4HPS39,
LHFWOV,
YHVA
YHFRD ,
LHFN
4HWA21,
4HS55 ,
4HCNLP,
4LHCNLP,
YHETAC,
4HCNC ,
4HBLIP,
LHFAR2,
4HWGS ,

« % u s

YHAM23,
LHH2G
4HA28S,
yHs2s8 ,
4Hp29 ,
4UHDPDU,
LHXWGS,
4HT2DS,
4Hv2S
4LHAMSS,
LHCNHP,
UHWAFC,
4HPRF ,
4HZI |,
4HPCNI,
YUHWA3C,
4us50 ,
4HCNHP,
4HETAB,

UHETAR,
4HAM |,
4HxXH21,
4H9A38 ,
4HA39 ,
4HWA32,
4HDPWG,
44HvJID ,
4 HFGMD,
4HFPFOV,
4HT21D,
4HTFLP,
LHETLP,
UHETAT,
UHWACD,
4HPRC ,
4HBLLP,
4HWGSS5,
4d4tre

I0UT (150),
WIR31(64),
BLANK(2) ,
(ITRAN,COM(1049)),
(WOR21(1),

RIN{(2),

AOUT (6) ,
WOR12(152),

(WCR12 (1) ,NORDY(1,2)),
{(WOR32(1) ,AORDY (305,2))

4HWA23,
4HS24
4HAM28,
4HA29 ,
4HH29 ,
4HXXP1,
LHXFAR,
4HT2
4HTUGU,
4HVSS ,
4HETHP,
YUHPCNF,
4UHETAF,
4HPCNI,
4UHPCNI,
4HTYH |,
UHWGS0,
YHETAT,
4UHPRID,

UHETAI,
4HALTP,
4gxs21,
4HAM3S,
YHAM39,
YHDPWI,
YHDELP,
BHVJIW ,
YHFGMM,
YHFCOV,
UHT22 ,
YHCNLP,
44 DHLP,
%HDHTC,
4azc
4YHETAC,
4HRLF ,
4HFARS,
gdpe ,

4gT23 ,
LHAM25,
4Hv2s ,
4HA29S,
4Hs29 ,
4HXWG2,
LHXT5S,
4xp2 ,
4HTUDS,
4HASS ,
YUHDHHP,
LHPRFD,
YUHZCDS,
LHTFFI,
gptt ,
byas ,
UHFARS,
LHDHTC,
LHETAI,

LHAPRI ,
4YHDPCO,
4HXH3 ,
bLHV38 ,
4Lgv39 ,
4LHBPRI,
LHDELF,
GHVIN ,
LHFGPD,
4L HFMNO,
4awaz22,
UHETLP,
LHTFIP,
U HDHTF,
LHPCNC,
LHCNT ,
LHBLDU,
4LHPEDS,
uHué

4np23 ,
4HT25 ,
4HTS28,
4HAM29,
4UHBYPA,
LHXFAR,
4H XPSKS,
yyg2 ,
44715 ,
4Hpsss,
4HTFHP,
LHETAF,
YHCNF ,
4HCNIP,
4gHY1
4Hs4 ,
4HPCRL,
4HDHTC,
4HWAID,

QHETAB,
4uppCoO,
ULHXWAF,
4HT38 ,
4HT39 ,
4 HFGMW,
4HDELS,
4HWFT ,
4HFGPN,
4HFNOV,
4as3 ,
UHTFIP,
4HCNIP,
4HPRCC,
4HPCBL,
LHWACIT,
4HBLOB,
UHAM6D,
LHWGT ,

WouT (6,2,

WOR22(152) ,
CHANGE (2)
(ST, COM(1055))

URH23 ,
4ygp2s ,
4HPS28,
4Hv29 ,
UHWAD ,
BHXT 25,
UHXH55,
uHs2 |,

UHHS

4HS6
GHCNHP,
4HWAFD,
YUHWAFC,
UHETAT,
sus1 |,
GHWGY ,
UHECBL,
YHTFFH,
YHWAIC,

LHWAC ,
UHPCNF,
UHXWAC,
BHH38 ,
4HH39 ,
UHFGPW,
4HCVDW,
YHWGT ,
GHFGM ,
4HT21 ,
GLHWA32,
4HCNIP,
YUHETIP,
4HETAC,
4HPONC,
GHWAT ,
YHWAF ,
LHAME
YUHFART,

WORDY(153,1)),

4uS23 ,
4HH2S ,
4HT28 ,
BHTS29,
YHWFD ,
4UHXP2S,
4HXS55,
BHS22 ,
5HSS
LHPSE ,
YHETHP,
4 HPCNC,
YHZF ,
4HDHTC,
4HT3 ,
LHFARY,
4HPCBL,
4HPRIC,
YHETAB /

BHWFB ,
4HXP1 ,
4HXBLF,
4HP38 ,
4HP39 ,
YHFNWI,
4HCVDN,
GHSFC ,
4HFGP ,
4HH21 ,
4HTSS ,
UHETIP,
4HADHIP,
YHWACC,
4 HPCBL,
GHBLI ,
4HWACC,
YHAE
4YHFART /

ABCD2815
ABCD281¢
ABCD2817
ABCD?813
ABCD281Y
ABCD2820
ABCD2821
ABCD2822
RECD2823
ABCD282Y4
ARCD282E
ABCD2825
ARCD2R827
ABCD28&28
ABCD2822
ABCD2830
ABCD2831
ABCD2832
ABCD2833
ABCD2834
ABCD2835
ABCD2836
ABCD2837
ABCD2838
ABCD2833
ABCD2840
ABCD2841
ABCD2842
ABCD2843
ABCD28u4Y
ABCD2845
ABCD2BUSB
ABCD2847
ABCD284S8
ABCD2843
ABCD285C
ABCD2851
ABCD2852
ABCD2853
ABCD2854
ABCD2855
ABCD2856
ABCD2857
ABCD2858
ABCD2853
ABCD2860
ABCD2861
ABCD2R62
ABCD2863
ABCD286Y
ABCD2855
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22
24
C *%kx

94

DATA WOR31 /

1 44TS7 , 4HPST , 4HVT , 4HAMT , UHAT , UHTT7DS, 4HT7 , 4HHT ,
2 4Hs7 , 4HA8 , UHASSA, 4HTS8 , BHPS8 , UHVS , WLHAMS , UHTS8 |,
3 4HP8 , 4HH8 , 4HSB , 4HA9 , GHA9SA, 4HTS9 , LHPSO , UHVY9 ,
4 4HAM9 , 4HT9 , 4HP9 , UHH9 , 4HSY9 , UHETAA, MHDPAF, YHWFA ,
5 4LHETAA, 4HETAA, LHDPAF, YUHXNHP, 4HXNIP, 4HXNLP, 4HP22 , BHU22 ,
6 4HP21 , LHU21 , 4HP3 , UHU3 , UHP4 , BHU4 , BHP50 , BHUSO ,
7 4HPS , 4HUS 4HPS55 , 4HUSS , uHP7 , 4HUT7 , 4HP24 , 4HU2L ,
8 6HP37 , 4HU37 , LHDUMS, 4HFXFN, 4HFXM2, GHAFTF, GHFAN , YHISPO /
DATA WOR12 /
1 3 % 4H , HDS , 14 * By , UHAV , 9 * 4 , bHAV
2 8 * 4H , WHSS , 3 * 4 , WHC , 4HDS , 4H . 4HS
3 4524 , 4 * 4H ., 4HS , BH55 , 12 * UH , WHS
4 16 * 4H , 4 * YHCF , 3 * 4HDS , 4HF , WHCF , 4HF ,
5 4HDS , UHS , 4HDS , 4HS , WHGU , 4HT , 4H1 ,
6 7 * 4H , YHF , 2 * 4§ , UHP , uH , 2 * 4HIP ,
7 2 * 4H , WHDS , UHGU , 6 * UH , WHDS , 9 * 4H .
8 4HO , G4HHP , GHIP , 4HLP , WHDU , G4HOB , 4H .
9 2 % Y4HHP , ULH , 4HP , GBF , LHCF , BHF , BHCF |,
1 4HS , BHDS , 4HS , 2 * 4HDS /
DATA WOR22 /
1 4HS , 11 * 4H , WHDS , YHM , LHGU , 9 * uH , 4HU
2 17 * 4H , 4HDS 4HNG , YHNT , 3 * GLHNG , YHIN , LHFN
3 4HDS , 4HG, , 4HN , WHFC , BLHNG , 2 * 4HOZ , 17 * 4H
4 3 * BLHFN , GLHFD , 4 * 4H , GHS 7 * 4H , 6 % 4LHDS ,
5 8 * YWHCF , 4HP , 4H , 2 % 4HLP , LH , WHF , BHCF ,
6 Y4HF , GHS , BHDS , UHS , 2 * 44 , 4HC , 4uDS ,
7 4HI , 4HID , 16 * 4H , 4Hs , 4H , 4HS , HHAV ,
8 4HSV , 2 * 4H , 4HDS , 6 * 4H , bHsv  /
DATA WOR32 /
1 10 * 4H , 4V, 9 * uH , BHV , 8 * 43 , 2 * 4HDS
2 2 * 4 , BWHSV , BHT , 23 * 4y 4gpPL |, 4H2M , GLHCP
3 4HAN , 4H , LHOL  /
DATA THEEND, BLANK, LIMIT /UHTHEE, 4HND , UH , 41 , 368 /
IF (ICON .EQ. 1) GO TO 24
IF (SI) GO TO 22
WRITE (6,21)
GO TO 24
WRITE (6,23)
GO0 TO (1,6), ICON
INPUT SECTION
DO 4 N = 1,150
NUM = N
READ (5,11) AIN,CHANGE
IF (AIN(1) .EQ. THEEND(1) .AND. AIN(2) .EQ. THEEND(2)) GO TO 5
po 2 J = 1,LIMIT
JJy = J
IF (AIN(1) .EQ. WORDY(J,1) .END. AIN(2) .EQ. WORDY(J,2)) GO To 3
CONTINUE
WRITE (6,12) AIN
GO TO 4
IOUT (NUM) = JJ
IF {CHANGE(1) .EQ. BLANK(1) .AND. CHANGE(2) .EQ. BLANK(2))

1 GO TO &4

ABCD28656
ABCD2867
ABCD2853
ABCD2869
ABCD2870
ABCD2871
ABCD2872
ABCD2873
ABCD2874
ABCD2875
ABCD2875
ABCD2877
ABCD2878
ABCD2873
ABCD2880
ABCD2881
ABCD2832
ABCD2883
ABCD2884
ABCD2885
ABCD2885
ABCD2887
ABCD2883
ABCD2833
ABCD289N
ABCD2831
ABCD2892
ABCD2893
ABCD2894
ABCD2895
ABCD2835
ABCD2897
ABCD2898
ABCD2833
ABCD2900
ABCD2021
ABCD2902
RBCD2903
ABCD290Y
ABCD2905
ABCD29CF
ABCD2937
ABCD2908
ABCD2908%
ABCD2919
ABCD2911
ABCD2812
ABCD2913
ABCD291Y4
ABCD2915
ABCD22156
ABCD2917
43CDp29%13
ABCD2%13



(5]

oo

o

aann

1
13
14

1%

15
20

23

*% %k

WORDY (JJ,1)
WORDY (JJ,2)
CONTINUE
WRITE (6,13)
NUM = NUM - 1
RETURN

OUTPUT SECTIO
IF (NUM .EQ.

THE FOLLOWING
IF (TIME .EQ.
WRITE (50,19)
WRITE (50,20)

N = NUM
J =6

DO9 I =1,N
IF (N .GT. 6)
J =N
N=N-6
po8 K = 1,J
L=TI¢+K-=1
M = IOUT(L)
WOUT (K,1) = W
WOUT (K,2) = W

IF (M .LE. 36
IF (M .GT. 36
IF (M .GT. 36
CONTINUE
WRITE (6,14)
WRITE (6,15)
IF (N .LE. 0)
CONTINUE
RETURN

FORMAT (B4,

FORMAT  (1HO,
FORMAT (22HOE
FORMAT  (1HO,
FORMAT (21X,

THE FOLLOWING
FORMAT (1X, 1
FORMAT (1X, 1

FORMAT (1X,
FORMAT (1%,
END

CHANGE (1)
CHANGE (2)

N
1) RETURN

THREE STATEMENTS ARE USED AT LEWIS ONLY

0.0D0 .AND. ITRAN .NE. 1) GO TO 16
TIME, COM(248), -OM({257), COM(258)
(CoM(1I), I = 372,39u4)

ORDY (M, 1)
ORDY (M, 2)
2) AOUT(K) = COM(M+32)

2 JAND. M .LE. 3€7) AQUT (K) = COM({M+604)

7) AOUT(K) = COM(1044)

(WOUT(K, 1), WOUT(K,2), K = 1,J)
(AOUT (K) ,K=1,J)
RETURN

A2, 6X, A4, A2)

9HTHE WORD , A4, A2, 26H NOT FOUND INW
RROR IN CONOUT INPUT)

25X, A4, A2, 5(9X, A4, A2))

6E15.6)

TWO FORMATS ARE USED AT LEWIS ONLY
PE20.5)
PEE20.6)

30HTHE OUTPUT IS IN ENGLISH UNITS)
2S5HTHE OUTPUT IS IN SI UNITS)

ZOMMON ARRAY)

ABCD2920
ABCD2921
ABCD2922
ABCD20923
ABCD2924
ABCD2925
ABCD2926
ABCD2S27
ABCD2928
ABCD2923
ABCD2930
ABCD2931
ABCD2932
ABCD2933
ABCD293%
ABCD2935
ABCD2935
ABCD2927
ABCD2938
ABCD2G39
ABCD294D
ABCD2901
A3CD29%42
ABCD2943
ABCD2941
ABCD29U5
ABCD29Uu45
ABCD2947
ABCD2948
ABCD294z=
ABCD2850
ABCD2951
ABCD29E2
ABCD2953
ABCD2954
ABRCD295¢
ABCD2955
ABCD2957
ABCD2958
ABCD29Y59
ABCD2963
ABCD29€1
ABCD2S52
ABCD2953
ABCD23%%4
ABCD2965
RABCD2955
ABCD2G67
ARCD29€3
ABCD2969
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Subroutine CONVRG

SUBROUTINE CONVRG (TI,HT,PI,SI,FAR,¥G,PA,IDES,AOQ,PR,T)3,H0,P0,S0, ABCD2S70

1 TS0,PS0,VO0,AMO,ICON) ABCD2971

c ICON=1 SUBSONIC, COMPARE PI WITH PR ABCD2972
c ICON=2 SONIC, COMPARE PI WITH PR ABCD2973
c ICON=4 ERROR ABCD2974
IMPLICIT RFAL*8 (A=-H,0-2) AECD2975
LOGICAL 2I ABCD2976
COMMON /COMALL/ COM (1062) ABCD2077
EQUIVALENCE (TOLALL, COM(23)), (ZI, COM(1055)) ABCD2973

IF (2I) GO TO 100 ABCD2079

AJ = 778.26D0 ABCD2980

CAPSF = 2116.217D0 ABCD2981

G = 32.174049D0 ABCD2932

CPG = .250D0 ABCD2983

GO TO 101 ABCD2984

10 AJ = 1.0DOC ABCD2585
CAPSF = 1.0D0 ABCD2985

6 = 1.0D0 ABCD2987

CPG = 1048.D0 ABCD2983

101  GAJ2 = 2.0D0 * G * AJ ABCD2989
CALL PROCOM (FAR,TI,XX1,XX2,XX3,XX4,PHII,XX6) ABCD2990

C *%#*% SONIC CALCULATIONS ABCD2991
TSS = 0.833D0 * TI ABCD2902

D02 J=1,50 ABCD2923

CALL PROCOM (PAR,TSS,CSS,AKS,CP,REXS,PHISS, HSS) ABCD2994

HSCAL = HI - CSS ** 2 / GAJ2 ABCD2995

DELHS = HSCAL - HSS ABCD2956

IF (DABS (DELHS) .LE. .5D0 « TOLALL * HSCAL) GO TO 4 ABCD2997

2 TSS = TSS + DELHS / CP ABCD2998
3 ICON = 4 ABCD2999
RETURN ABCD3NDD

4 IF (IDES .LE. 0) GO TO 12 AECD3001
C *%* ISENTROPIC EXPANSION CALCULATIONS ABCD3002
TSI = TI * (PA / PI) ** 0.286D0 ABCD3003

po7 J= 1,70 ABCD3004

CALL THERMO (PA,HSI,TSI,SSI,XX1,1,FAR,O0) ABCD3005

IF (DABS(SSI - SI) .LE. .1DO * TOLALL * SI) GO T0 8 AECD3005

7 TSI = TSI / DEXP((SSI - SI) / CPG) ABCD3007
GO TO 3 ABCD3008

8 VIS = DSORT(GAJ2 * (HI - HSI)) ABCD3003
IF (VIS .GE. CSS) GO TO 11 ABCD3010

C *%x% SUBSONIC DESIGN, CALCULATE RO ABCD3011
V0o = VIS ABCD3012

TSO = TSI ABCD3013

PSO = PA ARCD3014

CALL PROCOM (FAR,TSG,CSO,XX2,XX3,REX,PHISO,HSO) ABCD3015

RHO = CAPSF * PSO / (AJ * REX * TSO) ABCD3016

A0 = WG / (RHO * VO) ABCD3017

AMO = VO / CSO ABCD3013

PR = PI ABCD3019

ICON = 1 ABCD302)

1 TO = TI ABCD3021
HO = HI ABCD3022

PO = PI ABCD3023

So = SI ABCD3024

96



C *%x%
11

C *kx
12

C *%kx%

C **x
14

16
17

RETURN

SONIC DESIGN, CALCULATE AO

vo = CSS

TSO = 1TSS

PSO = PI * (TSO / TI) ** (ARKS / (RAKS - 1.0D0))
RHO = CAPSF * PSO / (AJ * REXS * TSO)

AD = WG / (RHO * VO)
AMO = 1.0D0

PR = PI
ICON = 2
GO TO 10

NON-DESIGN, CALCULATE CRITICRL CONDITIONS
VO = CSS

TSO = TSS
PSO = PA
RHO = CAPSF * PSO / (AJ * REXS ¢ TSO)

AOCRIT = WG / (RHO * VO)

AMO = 1.0DO

PR = PSO * (TI / TSO) ** (AKS / (AKS - 1.0D0))
IF (A0 .GT. AOCRIT) GO TO 14

NON-DESIGN, CRITICAL AND SUPERCRITICAL CONDITIONS
PSO = PSO * AOCRIT / AO

PR = PR * AOCRIT / AO

ICON = 2

GO TO 10

NON-DESIGN, SUBSONIC CALCULATIONS

PSC = PA

TSO = 0.833D0 * TSO

DO 16 J = 1,50

CALL PROCOM (FAR,TSO,CSO,AKO,CP,REX,PHISO,HSO)
RHO = CAPSF * PSO / (AJ * REX * TSO)

VO = WG / (RHO * AOQ)

HSCAL = HI - VO ** 2 / GAJ2

DELHS = HSCAL - HSO

IF (DABS(DELHS) .LE. .5DO *# TOLALL * HSCAL) GO Io 17
TSO = TSO + DELHS / CP

GO TO 3

AMO = VO / CSO

PR = PSO * (TI / TSO) ** (AKO / (AKO - 1.0DO0))
ICON = 1

GO TO 10

END

Function DERIV

FUNCTION DERIV (I,X)

IMPLICIT REAL*8 (A-H,0-Z)

COMMON /COMALL/ COM(1062)

DIMENSION FO(50,4), PVRDOT(23), XS(23)
EQUIVALENCE (FO(1,1), COM(430)), (DT, COM(994)),

1 (PVRDOT (1), COM(998)), (XS(1), CoM (1021)), (JTRAN, COM(1050)),

2 (IVRDOT, COM(1052)), (IAMTRX, COM(1054))
IF (IAMTRX .EQ. 1) GO TO 2
IF (JTRAN .EQ. 1) GO TO 1

ABCD3025
ABCD3026
ABCD3027
ABCD3028
ABCD3022
ABCD3030
ABCD3031
ABCD3032
ABCD3033
ABCD3034
ABCD3035
ABCD3036
A3CD3037
ABCD3038
ABCD3039
ABCD304D
A3CD30%1
ABCD3042
ABCD3003
ARCD3ICUY
A3CD30US
ABCD3NUG6
ABCD3CUuU7
ABCD30u8
A3CD3043
ARCD3050
ABCD3051
ABCD3N52
ABCD3053
ABCD305Y4
ABCD3055
A3CD305¢8
ABCD3057
ABCD3058
ABCD3059
ABCD3052
ABCD30€1
ABCD3062
ABRCD3062
ABCD306U4
ABCD3065
ABCD30€6

ABCD3067
ABCD3053
ABCD3068
ABCD3070
ABCD3C71
ABCD3072
ABCD3073
ABCD3074
ABCD3075
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DERIV = 0.0DO
FO(I,1) = X
FO(I,2) = X
FO(I,3) = DERIV
FO(I,4) = DERIV
RETURN

X0 = FO(I,2)
DERIV = (X - X0) / DT

IF (DABS(DERIV) .LT. 1.0D-10) DERIV = 0.0D0
FO(I,1) = X

PO(I,3) = DERIV

RETURN

IF (I o EQ. IVRDOT) GO TO 3

DERIV = 0.0DO

RETURN

DERIV = XS(I) * PVRDOT (I)

RETURN

END

Subroutine DISTRB

SUBROUTINE DISTRB
IMPLICIT REAL*8 (A-H,0-7)
COMMON /COMALL/ COM(1062)
DOUELE PRECISION LWV, MWV
DIMENSION XVAR(23), PVRDIT(23), XS(23)
DIMENSION XSAVE (1062), AINV(529), ARINV(529), A(23,23),
1 A21INV(23,23), A22INV(23,23), AR(23,23), CINT(23,23), X(23,23),
2 A12INV(23,23), DINT(23,23), BINT(50,23), CA(50,23), C(50,23),
3 CR(50,23), UVAR(50,23), AIBM(23,5), B(23,5), BR(23,5), ¥Y(50,5),
4 D(50,5), DR(50,5), XSS(23), YI(23), USS(50), DU(5), BS(5),
5 PVRDOS (23)
DIMENSION LWV (23), MWV(23), IVARB(?23), NUCOM(50)
EQUIVALENCE (IDES, COM(3)), (JDES, COM(4)), (MODE, COM(6)),
1 (INIT, COM(7)), (PS55, COM(110)), (WAFC, COM(135)),
2 (WFB, COM(192)), (A8, COM(3u4€)), (XVAR(1), COM(372)),
3 (PVRDOT (1), COM(998)), (XS(1), COM(1021)), (ITRAN, COM(1089)),
4 (JTRAN, COM(1050)), (IVRDOT, COM(1052)), {(IDOT, COM(1053)),
5 (IAMTRX, COM(1054)), (WAFCDS, COM(1062))

INV THE TOTAL NUMBER OF STATES POSSIBLE FOR THE PARTICULAR
CZNGINE BEING MODELLED, L%ESS THAN OR EQUAL TO 23

DATA INV / 16 /

INVRED THE TOTAL NUMBER OF STATES ACTUALLY USED IN THE MODEL
(FULL OR REDUCED), LESS THAN OR EQUAL TO INV

DATA INVRED / 9 /

IVARB THE ORDER IN WHICH THE STATES ARE TO BE DONE, TIF THIS
IS A REDUCED MODEL, THE 5TATES TO BE INCLUDED ARE
LISTED BEFORE THDOSE NOT INCLUDED.

ABCD3076
ABCD3077
ABCD3078
ABCD3079
ABCD303)
ABCD3081
ABCD3082
ABCD3083
ABCD30814
ABCD3085
ABCD3085
ABCD3087
ABCD3088
ABCD3089
ABCD3030
ABCD3091
ABCD3092
ABCD3093

ABCD3094
ABCD3095
ABCD3036
ABCD3097
ABCD3038
ABCD3099
ABCD3100
ABCD3101
ABCD3102
ABCD3133
ABCD3104
ABCD3105
ABCD3105
ABCD3107
ABCD3108
ABCD3109
ABCD311)
ABCD3111
ABCD3112
ABCD3113
ABCD3114
ABCD3115
ABCD3116
ABCD3117
ABCD3118
ABCD3113
ABCD3120
ABCD3121
ABCD3122
ABCD3123
ABCD3124
ABCD3125
ABCD3126
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DATA
14, 16

INB
DATA

BPER

DATA

IF THE
MATRIX

IF (IB
IF THI
IF (ID
IGIN

IBCK
ABCK

IF THE
IF THE

ICHOIC

PVRDOT

CORE R

PVRDOT

IVARB / 1, 3, 21, 13, 19, 9, 8, 11, 20, 5, 13, 17, 12, 10,
e 7 %0/

THE NUMBER OF CONTROL INPUTS, LESS THAN OR EQUAL TO 5
INB / 2 /
2 PERCENT. THE STEADY STATE VALUE OF EACH INPUT WILL BE
MULTIPLIED BY THIS PERCENT TO FORM THE DELTA U OF EACH
INPUT IN ORDER TO CALCULATE THE B AND D MATRICES
BPER / .01D0 /
THE NUMBER OF OUTPUT5, LESS THAN OR EQUAL I 50
INC / 3 /

A LIST OF THE EQUIVALENCED "COM™ NUMBERS OF THE OUTPUTS
DESIRED. ALL OF THE EQUIVALENCES WILL BE FOUND IN THE

MAIN ROUTINE, DYGABCD
NUCOM , 248, 257, 258, 47 % 0 /
A AND C MATRIX CALCS ARE FINISHED, GO ON TO THE B AND D
CALCS
.EQ. 977) GO TO &4
S IS NOT THE FIRST TIME THROUGH, GO TO 7
OT .GT. 0) GO TO 7
0
0
1.0D-5

PROGRAM IS TC CALCULATE THE PVRDOT'S, ICHOIC=1
PROGFAM IS TO SET THE PVRDOT'S, ICHOIC=0

=1
A VECTOR OF (INITIAL CONDITION) PERCENTS, THE STEADY
STATE VALUE OF EACH STATE WILL BE MULTIPLIED BY THE
PERCENT ASSOCIATED WITH THAT STATE TO FORM THE DELTA
{DOT FOR THAT PARTICULAR STATE IN ORDER TO CALCULATF
THE A MATRIX

OTOR SPEED

(1) = .02D0

INTERMEDIATE ROTOR SPEED

ABCD3127
ABCD3123
ABCD3129
RBCD3130
ABCD3131
ABCD3132
ABCD3133
ABCD3134
ABCD3135
ABCD313¢€
ABCD3137
ABCD3138
ABCD3133
ABCD3140
ABCD3 1M1
ABCD3 142
ABCD3143
ABCD3 144
ABCD3145
ABCD314%
ABCD3147
ABCD3I148
ABCD3143
ABCD315¢0
ABCD3151
ABCD31R2
ABCD3153
ABCD3I1E4
ABCD3155
ABCD3156
ABRCD3157
ABCD3158
ABCD3153
ABCD3183
ABCD31€1
ABCD3152
ABCD31R3
ABCD3161Y4
ABCD31€ES
ABCD31E5
ABCD3157
ABCD3168
ABCD3169
ABCD3170
ABCD1171
ABCD3172
ABCD3173
ABCD3174
ABCD3175
ABCD317¢
ABCD3177
ABCD3178
ABCD3172
ABCD3180

929



neoe nno nnNno

non

[oNeNe] [oNeNe] aonaQ naa aaa aaa [sEeXKe! [eXeXKe!

anao

100

PVRDOT (2) = 0.0DOC
FARN ROTOR SPEED
PVRDOT (3) = .02DC
FAN EXIT PKESSURE
PYRDOT (4) = .02D0
FAN EXIT INTERNAL ENERGY
PYRDOT (5) = .02DO
INTERMEDIATE COMPRESSOR EXIT PRESSUPE
PVRDOT {6) = 0.0DO

INTERMEDIATE COMPRESSOR EXIT INTEPNAL ENERGY
PVRDOT (7) = 0.0DO
COMPRESSOR EXIT PRESSURE
PVRDOT (8) = .02DO
COMPRESSOR EXIT INTERNAL ENERGY
PVRDOT(9) = .02DO
COMBUSTOR EXIT PRESSURE
PVRDOT (10) = .02DO

COMBUSTOR EXIT INTERNAL ENEEGY
PVEDOT(11) = .02DO

HIGH PRESSURE TURBINE EXIT PRESSURE
PVEDOT (12) = .02DO

HIGH PRESSURE TURBINE EXIT INTERNAL ENERGY
PYRDOT (13) = .02DO
INTERMEDIATE PRESSUKE TURBINE EXIT PRESSURE
PVYRDOT (1&) = 0.0DO
INTERMEDIATE

PVREDOT (15) = 0.0DO

PRESSURE TURBINE EXIT INTERNAL ENERGY

ABCD3181
ABCD3182
ABCD3183
ABCD3184
ABCD3185
ABCD3185
ABCD3187
ABCD3188
ABCD3189
ABCD313¢C
ABCD3191
ABCD3192
ABCD3193
ABCD3194
ABCD3195
ABCD3136
ABCD2197
ABCD3198
ABCD3133
ABCD3200
ABCD32031
ABCD3202
ABCD3203
ABCD3204
ABCD3205
ABCD3206
ABCD3207
ABCD3208
ABCD3203
ABCD3210
ABCD3211
ABCD3212
ABCD3213
ABCD3214
ABCD3215
ABCD3215
ABCD3217
ABCD3218
ABCD3213
ABCD3220
ABCD3221
ABCD3222
ABCD3223
ABCD3224
ABCD3225
ABCD3226
ABCD3227
ABCD3228
ABCD3223
ABCD3230
ABCD3231
ABCD3232
ABCD3233
ABCD3234
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LOW PRESSURE TURBINE EXIT PRESSURE
PVRDOT(16) = .02DO

LOW PRESSURE TURBINE EXIT INTERNAL ENERGY
PVRDOT(17) = .02D0

AFTERBURNER EXIT PRESSURE
PVRDOT(18) = .02DO

AFTERBURNER EXIT INTERNAL ENERGY
PVRDOT(19) = .02D0

DUCT BURNER EXIT PRESSURE

PVRDOT (20) = .02DO

DUCT BURNER EXIT INTERNAL ENERGY
PVRDOT(21) = .02DO

THIRD STREAM EXIT PRESSURE

PVRDOT (22) = 0.0DO

THIRD STREAM EXIT INTERNAL ENERGY

PVRDOT (23) = 0.0DO

CONTINUE

IDOT = IDOT + 1

IF (IDOT .GT. INV) GO TO 10
IVEDOT = IVARB (IDOT)

IF (IDOT .NE. 1) GO To 10

SAVE STEADY STATE VALUES AND INITIALIZE
FOR A AND C MATRIX CALCS

DOS I = 1,INV

J = IVARB(I)

IS(J) = XVAR(J)

XSS(I) = XVAR (J)

IF (XSS(I) .EQ. 0.0D0) WRITE (6,50)
CONTINUE

DO 96 I = 1,INC

IU = NUCOM(I)

USS(I) = COM(IU)

DO 1 I = 1,1062

XSAVE (I) = COM(I)

WRITE (6,65)

WRITE (6,44) (XSS(I), I = 1,INV)

ARCD3235
ABCD3236
ABCD3237
ABCD3238
ABCD3233
ABCD3249
ABCD3241
ABCD3242
ABCD3243
ABCD3244
AEBCD3245
ARCD32L5
ABCD3247
ABCD32u48
ABCD3243
ABCD325)
ABCD3251
ABCD3252
ABCD3253
ABCD3254
ABCD3255
ABCD3255
ABCD3257
ABCD32ER
ABCD3253
ABCD3260
ABCD3261
ABCD3262
ABCD3253
ABCD326Y4
RBCD3265
ABCD3266
ABCD3257
ABCD3268
ABCD3263
ABCD3270
ABCD3271
ABCD3272
ABCD3273
ABCD3274
ABCD3275
ABCD3276
ABCD3277
ABCD3273
ABCD3279
ABCD328)
ABCD3281
ABCD3282
ABCD3283
ABCD3284
ABCD3285
ABCD3286
ABCD3287
ABCD3288
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RETURN
IDOT1 = IDOT -~ 1

GENERATE MATRIX FOR A MATRIX CALCS

po 15 I = 1,INV
J = IVARB(I)

X(I,IDOT1) = XVAR(J) - XSS(I)

J = IVARB(IDOT1)

IF (ICHOIC .EQ. 0) GO TO 23

ERRX = DABS (X (IDOT1,IDOT1) / XSS (IDOT1)) - .002DO
IF (DABS (ERRX) .LE. .00001D0) 30 TO 17

IDOT = IDOT1

IVRDOT = IVARB (IDOT)

IGIN = IGIN + 1

IF (DABS(X(1,IDOT1)) .NE. 0.CDO) GO TO 18

PVEP = PVRDOT (J)

PVERDOT (J) = 2.0DC * PVRDOT (J)

IF (ERKX .EQ. ERRXP .OB. IBCK .NE. 0) GO T0O 9
PVEDOT(J) = 1.5D0 * PVRP + ABCK

ABCK = 2.0D0 * ABCK

ERRXP = ERRX

IF (IGIN .NE. 1) GO TO 16
IBCK = 0

PVRP = PVRDOT (J)

ERRXP = ERRX

PVRDOT(J) = 1.05D0 * PVRDOT (J)
GO To 23

PVRNEW = (PVRDOT(J) * ERRXP - PVRP * ERRX) ,/ (ERRXP -

IBCK = 0
IF (PVRNEW .LE. 0.0D0) PVRNEW = .95D0 * PVRDOT{J)

IF (IGIN .EQ. 50) PVRNEW = ((PVRDOT(J) + PVRP) / 2.0D0) +
IF (IGIN .EQ. 100) PVRNEW = ({(PVRDOT(J) + PBVRP) / 2.0D0)

PVRP = PVRDOT (J)
EREXP = ERRX
PVRDOT (J) = PVRNEW
GO TO 23

GENERATE MATRIX FOR C MATRIX CALCS

IGIN = 0
IBCK = 0
ABCK = 1.0D-5

IF (PVRDOT (J) .LE. 0.0D0O) PVRDOT(J) = ABCK
DO 97 I = 1,INC

IU = NUCOM(I)

UVAR(I,IDOT1) = COM(TU) - USS(I)

WRITE (6,45) IDOT1,IVARB(IDOTI1)

WRITE (6,60)

WRITE (€,44) (X(I,IDOT1), I = 1,INV)
WRITE (6,282) IGIN

WRITE (6,296) PVRDOT (J)

ABCD3289
ABCD329)
ABCD3291
ABCD3232
ABCD3293
ABCD3294
ABCD3295
ABCD3235
ABCD3297
ABCD3298
ABCD329¢
ABCD3302
ABCD3301
ABCD3202
ABCD33173
ABCD2304
ABCD3305
ABCD330F
ABCD3307
ABCD3308
ABCD3309
ABCD331)
ABCD3311
ABCD3312
3BCD1313
ABCD3314
ABCD3315
A3CD3313
ABCD3317
ABCD3318
ABCD3312
ABCD3320
ABCD3321
ABCD2322
ABCD3323
ABCD3324%
ABCD3325
ABCD3325
ABCD3327
ABCD3323
ABCD332¢
ABCD333)
ABCD3331
ABCD3332
ABCD3333
ABCD333y
LBCD3335
ABCD3336
ABCD3337
ABCD31338
ABCD3333
ABCD3340
ABCD3341
ABCD3342
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38

IAMTSYV = IAMTRX
IVRSV = IVRDOT
IDOTSV = IDOT

po 19 I = 1,23
PVRDOS{I) = PVRDOT(I)

RESET STEADY STATE VALUES

po 21 I = 1,1062
COM({I) = XSAVE(I)
IAMTRX = IAMTSV
IVRDOT = IVRSV

IDOT = IDOTSV

DO 22 I = 1,23

PVRDOT (I) = PVRDOS (I)

IF (IGIN .NE. 0) RETURN
1P (IDOT .LE. INV) RETURN

FINAL CALCS FOR A AND C MATRICES

DO 24 I = 1,INV

J = IVARB(I)

YI(I) = 1.0D0 / XSS(I) / PVRDOT (J)
WRITE (6,55)

WRITE (6.,44) (YI(I), I = 1,INV)
WRITE (6,75)
DO 31 J = 1,INV

Do 30 I 1, INV

K = INV * (J-1) + I

AINV(K) = YI(J) * X(I,J)

LL = K - INV + 1

WRITE (6,44) (AINV(I), I = LL,K)
CONTINUE

DO 46 J = 1,INVRED

DO 46 I = 1, INVRED

K = INVRED * (J - 1) + I

ARINV(K) = YI(J) * X(I,J)

L = INVRED + 1

IF (L .GI. INV) GO TO 49

A12TNV, A21INV, AND AZ2INV AKF NECESSARY FOR C AND D MATRIX

CALCS IN REDUCED FOERM

DO 47 J 1, INVRED

DO 47 I = L,INV

A12INV(J,I) = YI(I) * X(J,I)
A21INV(I,d) = YI(J) * X(I,J)
DO 48 J = L,INV

DO 48 I = L,INV

A22INV(I,J) = YI(J) * X(I,J)
CONTINUE

DO 98 J = 1,INV

Do 98 I = 1,INC

CA(I,Jd) = YI(J) * UVAR(I,J)

ABCD33u3
ABCD3344
ABCD3345
ABCD33u5
ABCD3347
ABCD33u8
ABCD3349
ABCD335)
ABCD3351
ABCD3352
ABCD3353
ABCD3354
ABCD3355
ABCD3355
ABCD3357
ABCD3358
ABCD3359
ABCD3346D
ABCD33¢€1
ABCD3362
ABCD33é&3
ABCD3361%
ABCD335¢E
ABCD33%5
ABCD33¢7
ABCD3343
ABCD3269
ABCD3370
ARCD3371
ABCD3372
ABCD3373
ABCD3374
ABCD3375
ABCD337¢
ABCD3377
ABCD337R
ABCD3373
ABCD333D
ABCD3381
ABCD3332
ABCD33R3
ABCD3333%
ABCD3385
A3CD3385%6
ABCD3387
A3CD3383
ABCD3333
ABCD3330
ABCD3331
ABCD3392
ABCD2333
ARCD3394
ABCD3395
RBCD13396
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CALL DMINV (AINV, INV, DET, LWV, HWV)
IF (DET .EQ. 0.0D0) WRITE (6,70)

po 32 J = 1,INV

Do 32 I = 1,INV

K = INV * (J-1) + I

A(I,J) = AINV(K)

WRITE (6,80)

THE FOLLOWING STATEMENT IS USED AT LEWIS ONLY
WRITE (10) &

po 100 K = 1,INV
bo 100 1 = 1,INC
suM = 0.0DO

DO 99 J = 1,INV

SuM = SUM + CA(I,J) * A(J,K)
C(I,K) = SUM

THE FOLLOWING STATEMENT IS USED AT LEWIS ONLY
WRITE (20) C

DO 33 J = 1,INV

WRITE (6,44) (A(J,I), I = 1,INV)
CONTINUE

WRITE (6,81)

DO 101 J = 1,INC

WRITE (6,44) (C(J,I), I = 1,INV)

CONTINUE

RESET STEADY STATE VALUES AND INITIALIZE
FOR B AND D MATRIX CALCS

IB = 977

JDOT = 0

DO 26 I = 1,1062
COM(I) = XSAVE(I)
po 76 I = 1,INC
IU = NUCOM(I)
USS(I) = COM(IU)
Do 3% I = 1,INV
PVRDOT (I) = 0.0DO
BS(1) = WFB

BS(2) = A8

BS(3) = X3

BS(4) = X4

BS(5) = X5

po 27 I = 1,5

DU(I) = BPER * BS(I)

IF (JDOT .EQ. 1) GO TO 35
po 2 I = 1,INV

J = IVARB(I)

XSS (I) = XVAR(J)

po6 I = 11,1062

XSAVE(I) = COM(I)

ABCD2397
ABCD3393
ABCD3399
ABCD3400
ABCD3401
ABCD34902
ABCD3403
ABCD3404
ABCD3405
ABCD34903
ABCD3407
RBCD3u408
ABCD3409
ABCD3412
ABCD3411
ABCD3412
ABCD3413
ABCD3414
ABCD3415
ABCD3416
ABCD3417
ABCD3418
ABCD3413
ABCD3t20
ABCD3421
ABCD3422
ABCD3423
ABCD3424
ABCD3425
ABCD3U426
ABCD3427
ABCD3428
ABCD3429
ABCD3430
ABCD3431
ABCD3432
ABCD3433
ABCD3431%
ABCD3435
ABCD3u36
ABCD3437
ABCD3438
ABCD3433
ABCD3480
ABCD34u1
ABCD3442
ABCD3443
ABCD344y
ABCD3145
ABCD3u4us
ABCD3u447
ABCD34u8
ABCD3443
ABCD3450
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11

12

37

IAMTRX = 1
ITRAN = 0
IDOT
IDES
MODE
JDOT
WEB = WFB + DU(1)
RETURN

IDOT = IDOT + 1

It Honu
-NO O

GENERATE MATRIX FOR B MATRIX CALCS
DO 36 I = 1,INV

J = IVARB(I)

AIBM(I,IDOT) = (XVAR(J) =- XSS (I)) / DU (IDOT)
GENERATE MATRIX FOR D MATRIX CALCS

po 77 I = 1,INC

IU = NUCOM(I)

Y(I,IDOT) = (COM(IU) - USS{(I)) 7/ DU (IDOT)

RESET STEADY STATE VALUES

IAMTSV = IANTRX
MODESV = MODE
IDESY = IDES
ITRASY = ITRAN
IDOTSV = IDOT

DO 29 I = 1,1062
COM(I) = XSAVE(I)
IAMTRX = IAMTSV
MODE = MODESV
IDES = IDESV

ITRAN = ITRASV
IDOT = IDOTSV

IF (IDOT .GE. INB) GO TO 28
GO TO (11,12,13,14), IDOT

A8 = a8 + DU(2)

RETURN

X3 = X3 + DU(3)

RETURN

X4 = X4 + DU(4)

RETURN

X5 = X5 + DU(S5)

RETURN

FINAL CALCS FOR B MATRIX

DO 38 K
po 38 T
sgM = 0.0DO

po 37 J = 1,INV

SUM = SUM - {A(I,J) * AIBM(J,K))

1,INB
1, INV

ABCD3451
ABCD3452
ABCD3uLS3
ABCD3454
ABCD3455
ABCD3455
ABCD3457
ABCD3458
ABCD34c29
ABCD3450
ABCD3461
ABCD3U462
ABCD3463
ABCD3U4EY
ABCD3465
ABCD3465
ABCD3u67
ABCD3u453
ABCD3169
ABCD3470
ABCD3471
ABCD3472
ABCD3473
ABCD3474
ABCD3475
ABCD3476
ABCD3477
ABCD3478
ABCD3473
ABCD3480
ABCD34f1
ARCD34R2
ABCD3483
ABCD3u48Y4
ABCD3u85
ABCD348E6
ABCD34837
ABCD3uBS
ABCD3433
ABCD3490
ABCD3u431
ABCD3L432
ABCD3423
ABCD3494
ABCD3U43%
ABCD349¢
ABCD3437
ABCD3u498
ABCD3433
ABCD35C0
ABCD3501
ABCD3502
ABCD3503
ABCD35C4
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B(I,K) = SUM

THE FOLLOWING STATEMENT IS USED AT LEWIS ONLY

WRITE (15) B

FINAL CALCS FORF D MATRIX

D0 87 K = 1,IN3
Do 87 1 = 1,INC
suM = 0.0DC

DO 86 J = 1,INV

SUM = SUM + C(I,Jd) * ATEM(J,K)

D(I,K) = Y(I,K) - SUM

THE FOLLOWING STATFEMENT
WRITE (25) D

WRITE (6,85)
GO TO (39,40,41,L52,43),

WRITE (5,31) ((B(I,J).
GO TO 110
WRITE (6,92) ((B(I,J),
GO TO 110
WRITE (6,33) ((B(I,J),
Go TO 110
NRITE (€,94) {({B(I,J),
Go ro 110
WRITE (€,35) ((B(I,J),

WRITE (6,82)

GO TO (111,112,113, 114,115)

WRITE (5,21) ((D(I,J),
GO TO 200
WRITE (6,92) ((D(I,J).,
GO TO 200
WRITE (6&,33) ((D(I,J),
GO TO 200
WRITE (6,94) ((D(T,d),
GO TO 20C

WRITE (9,95) ((D(I,J),
IF (L .GT. INV) STOP

CALCULATIONS FOR ALL MATRICES OF R®DUCED OERDER MODIL

IS

INB

J

J

J

J

J

J

UsED AT LEWIS ONLY

il

1,INR) ,
1,INB3),
1,I8R),
1,I83),
1,INB) ,

INB
1,INB),

1,I3B),
1,1y,
1, IRy,

1,INB),

FINAL CALCS FOR REDUCED A MATPRIX

CALL DMINV (ARINV, INVRED,

DO 201 J = 1,INVRED

Do 201 I = 1,INVRED

K = INVRED * (J - 1) + I
AR(I,J) = ARINV(K)

DET, LWV,

FINAL CALCS FOE HEDUCsD B MATRIX

=

]

MWV)

1,INV)
1,INV)
1, IvV)
1, INV)

1, IKNV)

1, INC)
1, INC)
1, I4C)
1,1I%NC)

1,1I%C)

ABCD3505
ABCD3505
ABCD3507
ABCD3503
ABCD3509
ABCD3513
ABCD3511
ABCD3:512
ABCD3513
ABCD3514
ABCD3515%
ABCN351¢
ABCD3517
ABCD3518
ABTD3513
ABCND3E2N
ABCD3c521
ABCD3522
ABCD3523
ARCD3524
ABCD3525
ABCD352¢
ABCD3527
A3CD3523
ABCD3E2¢C
ABCD3E3)
ABCD3531
ARCD3E32
ABCN3533
ABCD352Y
RBECD3E35
ABCD3533
ABCD3537
ARCD3538
ABCN2539
ABCD354C
ABCD3541
RaCD35462
ABCN3E43
A3CD35un
ABCD3R45
ABCD3546
ABCD3547
ABCD2548
ABCD3S4I
ABCD3550
ABCD35%51
ABCD3%52
RBCD35¢3
ABCD3554L
ABCD3E55
ABCD3ESS
LBCD3557
ABCD2E5R



I

202
203

204
205

206
207

208
209

210
211

212
213

102
103

218

DO 203 K
DO 203 I
so8 = 0.0DO
DO 202 J =
SUM = SUM -

1,INB
1,INVRED

1, INVRED
AR(I,J) * AIBM(J,K)

BR({I,K) = 5UM

FINAL CALCS

DO 205 K =
DO 205 I =
SUM = 0.0D0
DO 204 J =
SUM = SOUM +
CINT(I,K) =
DO 207 K =
DO 207 I =
sgM = 0.0DO
DO 206 J =

SUM = SUM +

FOR REDUCED C MATRIX

1,INVRED
L,INV

1,INVRED

A21INV(I,J) * AR (J,K)
SuM

1,INVRED

1, INC

L,INV
C(I,J) * CINT(J,K)

CR(I,K) = C(I,K) + SUM

FINAL CALCS

DO 209 K
DO 209 I
SUM = 0.0D
DO 208 J
SUM = SUM
CINT (I,K)
DO 211 K
DO 211 I
SOM = 0.0D
DO 210 J
SUM = SUM
DINT (I,K)
DO 213 K
DO 213 I
SgM = 0.0D
po 212 J
SUX = SUM
BINT (I,K)
DO 163 K
DO 103 I
suM = 0.
po 102 J =
SUM = SUM +

[UI T I S T == R [ 1 S S [ e | T Y T N | I I TR

o
(o)
o
<

FOR REDUCED D MATRIX

L,INV
1, INVRED

1, INVRED

AR(I,J) * A12INV (J,K)
SUM

L,INV

L,INV

1,INVRED

A21INV(I,J) * CINT(J,K)
SUM - A22INV(I,K)

L, INV

1,INC

L,INV
c(I,J) * DINT(J,K)
SUM

1,INB

1, INC

L,INV
BINT (I,J) * B(J,K)

DR(I,K) = SUM + D(I,K)
WRITE (6,214)

Do 218 I =

WRITE (6,044)

CONTINUE

1,INVRED
{AR(I,J), J = 1,INVRED)

WRITE (6,215)
G0 TO (219,220,221,222,223), INB

ABCD3559
ABCD35%)
ABCD35f1
ARCN35A/2
ABCD3563
ABCD35FY
ABCD3:5S3
ABCD3SEE
ABCD3567
ABCD35¢6¢®
ABCD3563
ABCD3E7Q
ABCD3E71
ABCD3572
ABCND3:573
ABCD3IS74
ABCN3S575
ABCD357¢
ABCD3577
ABCD3578
ABCDB3579
ABCD3%80
ABCD3581
ABCD3582
ABCD3E5R?
ABCD3F94
ABCD3585
RBCD3585
ABCD3%58R7
ABCD3R8E
ABCD3ERS
ABCD3ESO
ABCD3IEGT
ABCD3592
ABRCND3EQ3
ABCD3E5314
ABCD359F
A3CND3535
ABCD3EST
ABCD3E39
ABCD3ECS¢
ABCD34N9
ABCD3601
ABCD3+(C2
ABCD3A03
ABCL3e0d
ABCN?&0R
ABCD3f0%
ABCR3617
ABCD3&N®
ABCD3RI3
ABCD3F19
ABCD3F11
ABCD2612
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225

226
227
228
229

230
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WRITE
GO TO
WEITE
GO TO
WRITE
GO TO
WRITE
GO TO
WRITE
WRITE
DO 225
WRITE
CONTIN
WRITE
GO TO
WRITE
STOP
WRITE
STOP
WRITE
STOP
WRITE
STOP
WRITE
STOP
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FOFMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FORMAT
FOERMAT
FORMAT
END

(6,21) ((BR (L,J), J =
224

(6,92) ({BR(X,Jd), J =
224

(6,93) ((BR(L,J), J =
224

(6,94) ((BR(L,J), J =
224

(6,35) {(BR(I,J), J =
(6,216)

J = 1,INC

(6,44) (CR(J,I), I =1
UE

(6,217)

(226,227,228,229,230),
(6,51 ((DR(I,3), J

H

(6,92) ((DR(L,J), J

i

(€,93) ((DR(I,J), J

(6,94) ((DR(I,J), J

(6,95) ((DR(I,J), I
(1P10E12.4)

(1X, I5, 2X, ' THE VAPRI
(1X, * THE S.S. VARIAEL
(1X, * Y INVERSE = ' )
(1X, * THIS COLUMN OF X
(1X, ' THIS IS THE S.S.
(1X, * AINV IS SINGULAR
(1X, 7THAINV =)

(1X, 44a
(1X, 4HC
(1X, BHD =)
(1X, 4HB

(1X, 1PE12.4)
(1X, 1P2E12.4)
(1X, 1P3E12.4)
(1X, 1PLE12.4)
(1X, 1P5E12.4)
(1X, SHAR
(1X, SHBR
(1%, SHCR
(1X, SHDR
(141)
(X,
(x,

——

[ T L 1]
~

(L T T 1|
— -

*IGIN = * , I5)
'THE NEXT TRY FOR

1,IN8), I
1,INB), T
1,INB), I
1,I88), I
1,IN8), I
. INVRED)
INB

1,INB), I
1,INB), I
1,INB), I
1,INB), T
1,INB), I
ABLE IS NO.
E IS 0.0 °*
= ')
SOLUTION *

')

PVRDOT =

4

)

1, INVRED)
1, INVRED)
1, INVRED)
1, INVRED)

1,INVRED)

1, INC)
1, INC)
1,INC)
1,INC)

1,TNC)

', 13)

)

1PE12. 4)

ABCD3€13
ABCD3614
ABCD3€1°F
ABCD3615
ABCD3€17
ABCD3618
ABCD3619
ABCD36290
ABCD3621
ABCD3622
ABCD3623
ABCD3624
ABCD3€25
ABCD3€2¢€
ABCD3€27
ABCD362E
ABCD3629
ABCD3630
ABCD3631
ABCD3€32
ABCD3€23
ABCD3€34
ABCD3635
ABCD3636
ABCD3637
ABCD3638
ABCD3639
ABRCD364C
A3CD3641
ABCD3642
ABCD3643
ABCD36u4Y
ABCD3645
ABCD364f
ABCD3647
ABCD3€US8
ABCD364S
ABCD3650
ABCD3651
ABCD3652
ABCD23653
ABCD365%
ABCD3655
ABCD3655
ABCD2657
ABCD3658
ABCD3653
ABCD3660
ABCD3651
ABCD3662
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Subroutine ENGBAL

SUBROUTINE ENGBAL ABCD2I6E3

IMPLICIT REAL*8 (A-H,0-2) ABCD36EY

LOGICAL ERRER, DUMSPL, FXFN2M, FXM2CP, FAN ARCD3€ES

COMMON /COMALL/ COM({1062) A3CDYFES

DIMENSION WOED(2), ERR(9) ABCD3657

DIMENSION VAR(9), DEL(9), ERRB{(9), DELVAR(%S), EMAT(2,9), VMAT(9),ARBCD?648

1 AMAT (9), DELSAV (9), AWORD(2) ABCD3669
EQUIVALENCE (WORD (1), COM(1)), (MODE, COM(6)), (INIT, coM (7)), ABCD3672

1 (ITRYS, COM(18)), (LOOPER, COM(19)), (NOMAP, COM(20)), ARCD3671
2 (NUMMAP, COM(21)), (MAPEDG, CO%(22)), (TOLALL, COM(23)), ABCD3€72
3 (ERR(1), COM(24)), (TFuaPDS, COM(118)), (ZF, COM(136}), ABCD3E73
4 (PCNF, COM(137)), (2Y, com(139)), (PCNI, COM(140)), A3CN3674
S (TFFIP, COM(141)), (T4, COM(156)), (TFFHP, COM(175)), ABCD3675
6 (TFLPDS, COM (275)), (TFIPDS, COM(278)), (TFFLP, COM(289)), ABCND3IETE
7 (zc, comM(300)), (PCNC, COM(301)), (TIME, COM(993)), RBCD3E77
8 (DT, COM(994)), (TF, COM(395)), (ISPOOL, COM(104t)), ARCD35K78
9 (ITRAN, cCOM(1049)), (JTEAN, COM(1050)), (NSTEP, COM(1051)), ABCD367)
1 (IAMTRX, COM(1054)), (ERRER, COM(1056)), (DUMSPL, COM(1057)), ABCD3F80
2 (FXFN2M, COM (1058)), (FXM2CP, COM (1059)), (FAN, COM(1061)) ABCD 3681
DATA AWORD /4HENGB, 4HAL / ABCN3KR2

DATA VDELTA, VLIM, VCHNGE, NOMISX /1.0D-4, 0.1D9, 0.85D0, 4/ ARCD3693

DATA DEL /9%0.0D0O/ RBCD36RY

DATA DELSAV /9%1.0D-4/ ABCD3E85

R3CD3€EBRS5

IF (ITRAN .NE. 1) GO TO 120 ABCD36E7T

CALL SYG(1) ABCD3ER3

JTRAN = 1 ABCD1689

INIT = 1 ABCD3590

NSTEP = NSTEP + 1 ABCD3491

IF (IAMTRX .EQ. 1) NSTFP = NSTEP - 1 o ABCD3FA2

TIME = DT * DFLOAT(NSTEP) ABCD3693

IF (TIME .GT. TF) GO TO 100 ABCD3600

CALL DISTRB ABCD3635

CALL COINLT ARCD36GE

GO TO 101 ABCD3697

IF (IANTRX .EQ. 1) CALL DISTRB __ . ABCD3€98

IF (IAMTRX .EQ. 1) CALL COINLT L i S ABCD3693

IF (IAMTRX .NE. 1) CALL PUTIN B ABCD3700
IF (INIT .EQ. 1) GO TO 1 ABCD3701

TFFHP = TFHPDS RBCD3772

TFFIP = TFIPDS ABCD37C3

IF (FXM2CP) TFFIP = TFHPDS ABCD370%

TFFLP = TFLPDS ARCD37C5

LOOPER = 0 ABCD370F

NUMMAP = 0O ABCD3707

NOMISS = 0 ABCD3703

LoOP = 0 ABCD3709

MISMAT = 0 ABCD371)

NOMAP = 0 ABCD3711

IG0 = 2 ABCD3712

po 3 I =1,9 ABCD3713

VMAT (I) = 0.0DO ABCD3714

AMAT(I) = 0.0DO ABCD3715

DELVAR(I) = 0.0DO ABCD3715

po 3 L =19 ABCD3717

109



EMAT(I,L) = 0.0DO ABCD3718

LOOPER = LOOPER + 1 ABCD3719
CALL COFAN ABCD3720
WORD (1) = AWORD{1) ABCD3721
WOED(2) = AWORD(2) ABCD3722
IF (.NOT. FAN) DUMSPL = .TRUE. ABCD3723
IF (LOOPER .LE. ITRYS) 63 TO 45 ABCD3724
ERRER = .TRUE. ABCD3725
GO TO 26 ABCD3725
IF (NOMAP .GT. 0) GO TO 2 ABCD3727
NUMMAP = 0 ABCD3723
VAR(1) = ZF * 100.0DO ABCD3729
VAR(2) = PCNF ABCD3732
IF (MODE .EQ. 3) VAER(2) = T4 , 10.0DO ABCD373
VAR(3) = 2ZC * 100.0DO ABCD3732
VAR (4) = PCKNC ABCD3733
IF (MODE .EQ. 1) VAR(4) = T4 s 10.0DO ABCD2734
VAR (5) = TFFHP ABCD37353
VAR (6) = TFFLP ABCD3736
VAR(7) = ZI * 100.0D0 ABCD3737
VAR (8) = PCNI ABCD3738
VAR (9) = TFFIP ABCD3739
NMAX = 9 ' ABCD3740
IF (FAN) GO TO 39 ABCD3741
NMAX = 6 ABCD3742
IF (ISPOOL .EQ. 2) GO TO 7 ABCD37083
NMAX = 3 ABCN3TGY
VAR (3) = TFFLP ABCD3745
Go TO 7 ABCD374%
IF (.NOT. FXFN2M .AND. (.NOT. DUMSPL)) GO TO 6 ABCD3747
NMAX = 7 ABCD3743
IF (DUMSPL) NMAX = 6 ABCD3749
IF {(.NOT., FXM2CP) GO To 7 ABCD375)
NMAX = 7 ABCD3751
VAR (4) = PCNI RBCD3752
VAR (5) = TFFIP ABCD3753
po 8§ I = 1,NMAX ABCD3754
IF (DABS (EFK{(I)) .GI. TOLALL) 50 TO 9 ARCN3 7SS
CONTINUE ABCD375%¢
IF (ITKAN .EQ. 1) CALL EOLL ABCD3757
CALL PERF ARCD3758
CALL ERROR A3CD3753
IF (LOOP .GT. 0) GO TO M ABCD1ITEN
MAPEDG = 0 ABCD3751
MAPSET = 0 ABCD3762
DO 10 I = 1,NMAX RBCD?763
ERRB(I) = ERR(I) ABCD3760
DEL(I) = VDELTA * VAR (I) ABCD?765
GO TO 14 R3CD376¢%
IF (MISMAT .GT. 0) GO TO 29 RBCD2767
IF (MAPEDG .EQ. 0) GO TO 12 ABCD37583
MAPEDG = 0 ABCD2I769
MAPSET = 1 ERBCD3770
VAR (LOOP) = VAR(LOOP) + 2.0D0 * DLL(LOOP) ARCD3T771

110



12

13
14

15

16

17
18

19

20

21

22

GO TO 15

DELSAV (LOOP)

IF (MAPSET .EQ. VAR(LOOP) =
IF (MAPSET .EQ. VAR (LOOP) =
MAPSET = 0

DO 13 I = 1,NMAX

IF (DEL(LOOP) .NE. 0.0DO0)

IF (DEL(LOOP) .EQ. 0.0DO)

EMAT (I,LO00P) = (ERRB(I)

LOGP = LOOP + 1
IF (LOOP .GT.

NMAX)

GO To 17

VAR (LOOP) = VAR{LOOP)
ZF = VAR(1) / 100.0DO

IF (MODE .NE. 3)
IF (MODE .EQ. 3)

PC
T4

NF

2ZC = VAR{3) / 100.0D0

IF (MODE .NE. 1)
IF (MODE .EQ. 1)
TPFHP = VAR (5)
TFFLP = VAR(6)

PC
T4

NC

ZI = VAR(7} / 100.0D0

PCNI = VAR(8)
TFFIP = VAR (9)
IF (.NOT.
PCNI = VAR (4)
TFFIP = VAR (5)
IF (ISPOOL .EQ.
IF (zI .LT.
IF (ZF .LT.
IF (ZC .LT.

DO 18 I =

FXM2CP)

0.0D0)
0.0D0)
0.0D0)
GO TO (2,4), IGO

1, NMAX

VAR (2)

VAR (2) *

VAR (4)

VAR (4) *

GO TO 16

AMAT(I) = - ERRB(I)

DO 20 I = 1,NMAX

IZERO = O

DO 19 LOOP =
IF (EMAT(I,LOOP)
CONTINUE

IF (IZERO .LT.
WRITE (6,32) I

1, NMAX
«EDe

NMAX)

LOOPER = ITRYS + 10C

GO TO 26
CONTINUE
DO 22
IZERO = 0

po 21 1 = 1,NMAX

IF (EMAT(I,LOOP)
IF (IZERO .LT.
WRITE (6,33)

LoOP = 1,NMAX

LOOPER = ITRYS + 100

GO TO 26
COKTINUE

TFFLP

ZI
ZF
ZC

.EQ.
NMAX)
LOOP

W

0.0D0)
GO THY 22

VAR (LOOP) + DEL(LOOP)

VAR (LOOP)

DEL (LOOP)

10.0D0

10.0D0

= VAR(3)

0.05D0
0.0C5DJ
0.05D0

0.0D0) I’

GG THY 20

7OCR

) = IZERO + 1

CALL MATRIX (EMAT,VMAT,AMAT,NMAX)

LBIG = 0
VARBIG = 0.0DO

DEL (LOOP)

DEL (LOOP)
DEL(LOOP) = DELSAV (LOOP)

~ ERR(I)) / DEL(LOOP)

IZERD = IZERO + 1

ABCD3772
ARCD3773
ABCD3774
ABCD3775
ABCD3775
ABCD3777
ABCD37738
ABCD3773
ABCD3733
ABCD3781
ABCD3732
ABCD3783
ABCD372Y4
ABCD3785
ABCD37R¢
EBCD3787
ABCD3788
ABCD37872
ABCD37395
ABCD3791
ABCD3732
ASCD17933
2BCD37¢4
A3CND3YTAE
A37ND3735
ABCN3T7CT
23CND37238
ARCNDA703
rICnH3IeHN
ABCN?I="T
ApCDiIenN?
PECHRAT]
A3CpIant
AACD3IANS
ApCDhRNE
rRCniena
r3ICHICNG
ABCN3ENT
APRCORFIT
A3Cn3F1
RRCD3IRT?
FECD3ARTR
ABCD3R 1L
ABCD?H15
A3CI3H1A
ABCND617
AECD3813
ABCD3IR1S
ABCND3R2D
A3BCD3R21
AECD3R22
ABCD3923
LBCD3324
ABCD3P2S
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24

25

2€
27

28

29
30

31

32
34
35

36
37

38

112

DO 24 L = 1,NMAX

ABSVAR = DABS (VMAT(L))

IF (ABSVAR .LE. VLIM * VAR(L)) GO TO 24

IF (ABSVAR .LE. VARBIG) GJ TO 24

LBIG = L

VAEBIG = ABSVAR

CONTINUE

VRATIO = 1.0DO

IF (LBIG .GT. 0) VRATIO = VLIM * VAR(LBIG) / VARBIG
= 0.,0D0

VMTAVE = 0.0DO

DELAVE = 0.0DO

FNMAX = NaAX

DO 25 L = 1,NMAX

DELVAR(L) = VRATIO * VMAT(L)

ERRAVE = ERRAVE + DABS (AMAT (L)) / FNMAX
VAR(L) = VAR(L) + DELVAE(L)

VMTAVE = VMTAVE + DABS (VMAT (L)) / FNMAX
DELAVE = DELAVE + DABS(DELVAR(L)) / FNMAX

IF (MISMAT .GT. 0) GO TO 31
IF (NOMISS .EQ. 0) MISMAT =1
IF (MISMAT .EQ. 0) I6o = 1
WRITE (8,34) LOOPER

Do 27 I = 1,NMAX

WRITE (8,35) AMAT(I),{FMAT(I,L),L=1,9),VMAT(I),DELVAR(I),VAR(I)

WRITE (8,36) ERRAVE,VMTAVE,DELAVE
IF (LOOPER .LT. ITRYS) GO TO 15
CALL ERROR

RETURN
VMTAVX = VMTAVE
DO 30 I = 1,NMAX
AMAT (I) = - ERR(I)
Go TO 23

WRITE (8,37) AMAT,EERAVE,DELVAR,DELAVE, VMAT,VMTAVE,V
MISMAT = MISMAT + 1

IF (VMTAVE .LT. VCHNGE * VMTAVX) GO TO 28
WRITE '/ (8,38)

IF (MISMAT .LT. NOMISX) NOMISS = 1

MISMAT = 0

Loop = 0

IGO0 = 2

GO TO 5

FORMAT (4HOROW,I2,16H IS ZERO IN EMAT)
FORMAT (7HOCOLUMN,I2,16H IS ZERO IN EMAT)

PORMAT (8HB ERRB, 28X, 234HEEKROR MATRIX AFTEFP LOOP,IH4,29X,4HVMAT,

1 6X,6HDELVAR,7X, 10HVARIABLES$$333$)

FORMAT (1HO,F8.4,10F9.3,2F11.4,6H$55$5$)

FORMAT (1HO,F8.4,32X,14HAVERAGE VALUES,31X,2F11.4,6H
FORMAT (12HO0--=--- AMAT, 1)F11.5,6H5 85588, /, 12H ——---
1 10FP11.6,6H$$588$,/, 12H ----- VMAT,10F11.6,6H3$53$S
2 124 --=--- VAR,9F11.6,6H$$55$5$)

FORMAT (1H0,50X%,22HCHANGE TOO SMALL$$5%%9%)

END

AR

$33883)
DELVAR,
v/

ABCD3R25
ABCD3827
ABCD3828
ABCD3823
ABCD3830
ABCD3831
ABCD3R32
BBCD3833
ABCD3R3n
ABCD3835
ABCD383%
ABCD3837
ABCD3838
ABCD3839
ABCD3842
ABCD3841
ABCD3842
ABCD38243
ABCD3814
ABCD38BU45
ABCD38U4S
ABCD3RY47T
ABCD3843
ABCD38b6G
ABCD38RED
ABCD38%1
ABCD3852
ABCD38E3
ABCD3854
ABCD3855
ABCD38556
ABCD38%7
ABCD3858
ABCD3853
ABCD38&2
ABCD3861
ABCD3852
ABCD3863
ABCD3854
ABCD38€5
ABCD3856
ABCD3867
ABCD3853
ABCD38€S9
ABCD3870
ABCD3871
ABCD3872
ABCD3873
ABCD38B74
ABCD3875
ABCD3876
ABCD3877
ABCD3878
ABCD3873

ABCD328)
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Subroutine ERROR

SUBROUTINE ERROR

IMPLICIT REAL*8 (A-H,0-32)

LOSICAL ERRER, DUMSPL, FXFN2M, FXM2CP, AFTFAN, FAN

COMMON /COMRLL/ COM(1062)

DIMENSION WORD (2)

DIMENSION AWORD(2)

EQUIVALENCE (WORD (1), COM(1)), (MODE, COM(6)), (IDUMP,
(LOOPER, COM(19)), (ZF, COM(136)), (PCNF, COM(137)),
(2I, COM(139)), (PCNI, COM(140)), (T&¢, COM(156)), (22,
(PCNC, COM(301)), (ISPOOL, COM(1044)), (ICOAFB, COM(1045)),
(ICODUC, COM(1046)), (ICOMIX, ZOM(1087)), (ERRER, COY(1056)
(DUMSPL, COM(1057)), (FXFN2M, COM(1058)), (FXM2CP, COM (1059
(AFTFAN, COM(1060)), (FAN, COY(1061))

DATA AWORD /4HCOMM, 4HON [/

IF (ICOAFB .LT. 1) TICOAFB = 0

IF (ICOMIX .LT. 1) ICOMIX = 0

IP (ICODUC .LT. 1) ICODUC = 0

IF (ICOAFB .NE. 0) WRITE (6,10) ICOAFB

IF (ICODUC .NE. 0) WRITE (6,11) ICODUC

IF (ICOMIX .NE. 0) WRITE (6,12) ICOMIX

ERRER = .TRUE.

WRITE (6,2) WORD

WORD (1) = AWORD (1)

WORD (2) = AWORD (2)

WRITE (6,3) WORD,%F,PCNF,ZI,PCNI,ZZ,PCNC,T4,MODE

WRITE (6,4)

WRITE (6,5) (com(I), I = 33,394)

WRITE (6,4)

WRITE (6,8) DUMSPL, FXFN2M, FXM2CP, APTFAN, FAN, ISPOOL

WRITE (6,4)

WRITE (6,7) LOOPER

IF (IDUMP .EQ. 0) GO TO 1

WRITE (6,6)

CALL SYG (2)

CALL ENGBAL

RETURN

FORMAT (28HOAN ERROR HAS BEEN FOUND IN ,Al4, A2)

FORMAT (1HO,RA4,A2,9X,7E15.6,1I4)

FORMAT (2HO )

FORMAT (1H ,8E15.6)

FORMAT (1H1)

FORMAT (25HOFAILED TO CONVERGE APTER, I4,6H LOOPS)

FORMAT (1H ,5E15.6,I12)

FORMAT (27H THE ERROR IN COAFBN IS AT ,I3)

FORMAT (27H THE ERROR IN CODUCT IS AT ,I3)

FORMAT (27H THE ERROR IN COMIX IS AT ,1I3)

END

)
)

CoM(8)),

cn¥(300)),

Yo

ABCD3AR1
ABCD3R32
ABCD38R12
ABRCD388%
ABCD3885
ABCD3885
ABCD3887
ABCD3RE8
ABCD3H33
ABCD389C
ABCD3831
ABCD384?2
A3CD39933
ABCD3824
ABCD38295
ABCD383%
ABCD2807
ABCD38G3
ABCD3839
ABCD393)
ABCD3AN
A3CD9N2
ABTD39%3
ABCD397%
ABCD39225
ABCD390¢
ABCD3907
ABCD39C8
ABCD3903
ABCD2910
ABCD3911
ABCD3912
R3CND3913
ABCD3°14
ABCD2915
A3CD391¢
ABCD39317
ABCD3213
ABCD3912
ABCD3922
ABCD3921
ABCD3622
ABCD3923
ABCD3924
ABCD3925
ABCD3925
ABCD3927
ABCD39258
ABCD3923
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Subroutine ETAAB

SUBROUTINE ETAAB {(PAR,EM6,P6,El'A,ErAADS,ETAASY,P6DS,P6DSAV,AMEDS,

1 AM6DSV,IDES, FAR7DS, FARTSYV)
IMPLICIT REAL*8 (A-H,0-Z)

DIMENSION TFAR(25), ETABRT(25), EM6T(7), DELME(7), P6ET(14),

1 DELP6(14), X(3), Y(3)
DATA TFAR/.039D0, .0585D0, .0732D0,
1 .1268D0, .1463D0, .1619D0, .1834D0,
2 .2927D0, .3415D0, .4146D0, .4534D0D,
3 .8293p0, .9268D0, 1.0D0, 1.0634D0,

DATA ETABRT/.94D0O, .9887p0, 1.0193DO,

1 .9672D0, .9377D0, .9207D0, .9354p0,

2 1.0532p0, 1.077p0, 1.0781D0, 1.077DO,

. 087800,
.1951D0,
.5366D0,
1.700/

.9626D0,

3 1.0578D0, 1.051D0, 1.0374Dp0, 1.0192Dp0, 1.0DO,

DATA EM6T/1.0D0, 1.071D0, 1.19D0, 1
1 1.666D0 /

.309p0, 1.

DATA DELM6/0.0DO, .013D0O, .041DO, .073D0, .11

DATA P6T/.22D0, .2267DO0, .25D0, .3DO,
1 .5p0, .5833p0, .5556D0, .75D0, .8333D0,

DATA DELP6,/-.142D0, -.125D0, -.1DO,
1 ~-.041p0, -.027D0, -.019DJ, -.013DO0,
2 0.0D0/

IF (IDES .NE. 1) GO TO 5

EMULT = ETAADS / ETAASV
FMULT = FAR7DS / FARTSY
AMULT = AM6DS / AM6DSV
PMULT = P6DS / P6DSAV
po 1 K = 1,25

ETABRT(K) = ETABRT(K) * EMULT

TFAR(K) = TFAR(K) * PMULT
Do 3 K =1,7

EM6T (K) = EM6T (K) * AMULT
po4 M= 1,14

P6T(M) = P6T(M) * PMULT
ETAASV = ETAADS

P6DSAV = P6DS

FAR7SV = FAR7DS

AMG6DSV = AM6DS

RETURN

N =0

IF (FAR .GT. 0.067D0) GO TO 8
pos6 J = 1,25

IF (FAR .GE. TFAR(J)) N = J - 1
CONTINUE

IF (N .EQ. 0) N =1

IF (N .GE, 28) N = 23

po 7 I =1,3

NN = N - 1 + 1

X(I) = TFAR (NN)
Y(I) = ETABRT (NN)

CALL PARABO (X,Y,FAR,ETA1)

GO TO 9

ETA1 = - 2.0D0 * FAR + .1948D0

1.0306D0,

1.0747D0,

«333300,

.0976D0,
«2195p0,
- 6381D0,

«977300,

.9626D0,
428p0, 1.

. 117100,
.2439D0,
.7317D0,

1.0227p0,

1.0193D0,

1.0668D0,

.9151D0/
54700,

bo, .147p0, .187p0/

.3767D0, 816700,

.916700, 1.0D0/
-.075p0, -.062DC, -.05DO,
-.008p0, -.004Dp0, ~-.0021DO,

ABCD3230
ABCD3931
ABCD3932
ABCD3933
ABCD393%
ABCD3935
ABCD39136
ABCD3937
ABCD3933
ABCD3939
ABCD394)D
ABCD3941
ABCD3942
ABCD39u3
ABCD3944
ABCD3945
ABCD3945
ABCD3947
ABCD3943
ABCD3949
ABCD3952
ABCD3951
ABCD3952
ABCD3953
ABCD395Yy
ABCD3955
ABCD3956
ABCD3957
ABCD3958
ABCD3G53
ABCD3960
ABCD3951
ABCD3962
ABCD39¢63
ABCD39¢64
ABCD3965
ABCD3966
ABCD3957
ABCD3968
ABCD39563
ABCD3970
ABCD3971
ABCD3972
ABCD3973
ABCD3974
ABCD3975
ABCD3975
ABCD23977
ABCD3978
ABCD3¢S73
BBCD3982
ABRCD2981



10

11

12

13

Nead QDO AN & WA s

M =

0

Do 10 J = 1,7
IF (EM6 .GE. EM6T(
CONTINUE

IF (
IF (
DO 1
MM =
X (I)
Y (I)

M
M
1

|

.EQ. 0) M
.GE. 6) M
I=1,3
-1 +1
EM6T (MM)
DELM6 (MM)

J)) M

CALL PARABO (X,Y,EM6,COR1)

L =
Do 1

0
2

IF (P6
CONTINUE

IF (L .EQ. 0) L =
IF (L .GE. 13) L

Do 1
LL =
X(I)
Y (I)
CALL
ETA

3

L

(]

J = 1,14
«GE. P6T(J)

I=1,3
-1 +1
P6T (LL)
DELP6 (LL)

) L =

1
= 12

J -1

PARABO (X,Y,P6,COR2)

RETURN

END

ETA1 * (1.0D0 - COR1)

SUBROUTINE FASTBK
IMPLICIT REAL*8
LOGICAL FAN
COMMON /COMALL/ COM(1062)
EQUIVALENCE (P1,
(H25,
(XWG24, COM(77)),
(XP25, CoM(80)),
(XWG55, COM(83)),
(XP55, COM (86)),
(XWFB, COM(89)),
(r21,
(T55, COM(272)),
(BLF,
(PAR24, COM(322))

(P2
XT55
XP55
XH55
XS55

IF (FAN)

T25
P25
H25
525
HG24

1

W

(I T T )

comus8y)), (

coM (263)),
COM (316)),

com(377)) .
T55

PES

H5S

S55

GO TO 1
T21

P21

H21

521

WAF - BLF

(A-H,0

coM (33
525, C
(XFAR
(XH25,
(XFAR

* (1.0D0 + COR2)

Subroutine FASTBK

-Z)

)) s (T25,
oM (49)),

24, coM(78)),

comM(st))

55, coM(su)),

(

L4

(XH55, COM(87)),
(XWFD, COM(90)),

(621,
(H55,
(WAF,
¢ (WG5S
(P55,

COM (264))
COM (273))
Ccom™ (313))
5, COM(32
CoM (387))

,

’

14
3
’

COM (Lb)

)., (P25, Zom(u7

WFD, COM(72)), (XXP1,

(Xs25,

(Xs55,
(WFE,
(s21,
(s55,
(WG24,

(XT25, COM(79)),

com(s2)),

(XT55, COM(85)),

com(8e)y),
comM (192)),
CoM (265)),
coMm(274)),
coM(321)),

)), (FAR55, COM(324)),

(FAN,

COM (10€1))

)) .
COoOM (78)),

ABCD3982
ABCD39833
ABCD298Yy
ABCD393%
ABCD3986
ABCD3997
ABCD3988
ABCD39332
ABCD39970
ABCD3%931
ABCD3992
ABCD3933
ABCD3994
ABCD3935
ABCD389¢
ABCN3997
ABCD39¢8
ABCD393)
ABCD4OCPD
ABCDUNDT
ABCDYUOC2
ABCDBO0OD3
ABCD4COU
ARCDUOCCS
ABCDENI5

RBCDUCOT7
ABCDULCOR
ABCDU4 0D
ABCDLO10
A3CDUO11
ABCDuUN12
ABCDUN13
ARCDYOTS
A3CDUO15
ABCDUCTS
ABCDU4017?
ABCD4018
ABCDUO12
A3CDLC2C
ABCD4021
ABCD4 022
ABCDU023
ABCDAC24
ABCDUC2%
ABCD4025
ABCD40C27
ABCDLO25
ABCDU(29
ABCD403D
ABCDUO31
ABCDUDN32
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AU E WK =

XT25 = T25
XP25 = P25
XH25 = H2S
XS25 = S25
XWFB = WFB

XWGS5 = WGSS
XPARSS5 = PARS5S
XWFD = WFD
IWG24 = WG24
XFPAR24 = FAR24
XXP1 = P1

CALL COMIX
RETURN

END

Subroutine FCNTRL

SUBROUTINE FCNTRL

IMPLICIT REAL*8 (A-H,0-2)
RETURN

END

Subroutine FRTOSD

SUBROUTINE FRTOSD
IMPLICIT REAL*8 (A~-H,0-Z)
LOGICAL FAN

COMMON /COMALL/ COM(1062)

EQUIVALENCE (P1, COM(33)), (H3,
(XP21, com(202)),

o{o)

(XP1, COM(200)), (XT21, COM(221)),
(XH21, COM(203)), (XS21, COM(274)), (XH3, COM(205)),
(XWAF, COM(206)), (XWAC, COM(207)), (XBLF, COM(208)),
(XBLDU, COM(209)), (T21, COM(253)), (H21, COM(264)),
(521, COM(265)), (BLF, CoM(316)), (BLDU, ZoM(317)),
(WAF, COM(319)), (P21, COM(377)), (FAN, COM(1061))

XP1 = P1

XWAF = WAF

XWAC = WAC

XBLF = BLF

XBLDU = BLDU

XH3 = H3

XT21 = T21

XP21 = P21

XH21 = H21

XS21 = s21

IF (FAN) CALL CODUCT

IF (.NOT. FAN) CALL FASTBK
RETURN

END

Function GUESS

FUNCTION GUESS (M, T, TD, P, PD, W, WD, D, DD, VD)
IMPLICIT REAL*8 (A-H,0-2)

M{(153)), (WAC, COM(191)),

ABCD4N33
ABCD4#40O3Y
ARCDLO3S
ABCDULO36
ABCD4 037
ABCDUO38
ABCDLON39
ABCDUOQUO
ABCDUQY1
ABCDLOU42
ABCDU4CU3
ABCD4CUY
ABCDH0Y45
ABCDLOUS

ABCDHCHT
ABCDUOLS
ABCDU 043
ABCD4 059

ABCDH#051
ABCDHOS2
ABCD4 053
ABCDHUOSY
ABCDUNSS
ABCDU 055
ABCDU4N57
ABCDH 0S8
ABCDH4 059
ABCDY 05D
ABCDLO6E1
ABCDY#40¢62
ABCDYU063
ABCDUOEY
ABCDUOBS
ABCDUOS6
ABCDU 067
ABCDH 068
ABCDU4 069
ABCDUDTC
ABCDLO71
ABCD4072
ABCDU4O0O73
ABCD4OTY
ABCDU4NTS

ABCDY40O75
ABCDLOTT7



ey

IF (M .EQ. O0) GUESS = VD * ((T / TD) ** 1.6D0) * ((DD / D) *x
1 0.5D0)

IF (M .LE. 0 .OR. M .GT. 9) RETYRN

Go TOo (1,2,3,3,5,6,7,8,9), M

1 GUESS = VD * ((P / PD) ** 1.8D3) * ((DD / L) ** 0.33D0)
RETURN

2 GUESS = VD * ((W / WD) ** 0.33D0) * DD / D
RETURN

3 GUESS = VD * ((P / PD) ** ,5DO0)
RETURN

5 GUESS = VD * ((T / TD) ** 1.1D0) * ((DD / D) =% ,7DC)
RETURN

6 GUESS = VD * P / PD * ((D / DD) *% 0.25D0)
RETURN

7 GUESS = VD * ((P / PD) ** 0.62D0) * ((D / DD) *x* 0.31D0)
RETURN

8 GUESS = VD * ((T / TD) %% 1.2DD) * DD / D
RETURN

9 GUESS = VD * P / PD * ({(D / DD) ** 1,5D0)
RETURN
END

Subroutine INDUMY

SUBROUTINE INDUMY (CNI,ZI,WACI,IDES)

IMPLICIT REAL*8 (A-H,0-2)

COMMON /COMDAT/ COMD (5423)

DIMENSION CNXXI(15), PRXXI(15,15), WACXXI(15,15), ETAXXI(15,15),
1 NPTXI(15)

DIMENSION XCNXX (15), WACAR (15)

EQUIVALENCE (CNXXI(1), COMD(1381)), (PRXXI(1,1), COMD(1396)),
1 (WACXXI(1,1), COMD(1621)), (ETAXXI(1,1), COMD(1846)),
2 (NCNXI, COMD(5328)), (NPTXI(1), COMD(5329))

DATA XCNXX /.001D0O, .1D0O, .2D?, .3DO, .5D0, .8DP, 1.0DO, 1.5DO0,
1 2.0pD0, 3.0D0O, 4.0DOC, 5.0DO, 6.0DO, 7.0DO0, 9.0DO/

DATA WACAR /5.0D0, 4.5D0, 4.0D), 3.5D0, 3.0DO, 2.5D0, 2.0DC,
1 1.5p00, 1.0D0, .8DO, .6DO, .4DO, .25D0, .1DO, .05D0/

IF (IDES .NE. 1) GO TO 1

WAIDS = WACI

CNIDS = CNI

2T = 2.0D0 ,/ 3.5DO

1 NCNXI = 15

po 2 I = 1,15

NBTXI (I) 15

CNXXI (I) XCNEX (I) * CNIDS

po2 J=1,15

PRXXI(I,J) = FLOAT(J + 3) / 4.0DO

ETAXXI(I,J) = 1.0DO0

2 WACXXI(J,I) = WACAR(I) * (.993D0 + .001DO * FLOAT(J)) * WAIDS
RETURN
END

R3CDUO73
ABCDUNTI
ARCDUCR2D
ABCDUL 331
A3CDUDNAR2
APCDU083
ARCDU03Y
ABCNHUNBS
ABTDUO]’S
ABCDU4O87
ABCDU(CSS
ABCDUOS?2
A3CDLCA)
ABCDY4 031
ABCDUNG2
ABCDULO33
ABCD4094
ABCD4 0395
ABCDUO9E
ABCD4OC?
ABCDU D33

ABCDU 0?9
ABCDHS 1020
ABCDU101
ABCDLI102
ABCD4103
ABCDU41CH
ABCD4# 105
ABCDU4 105
ABCDY 127
ABCDN108
ABCD4 103
ABCDB 11D
ABCD4 111
ABCDL 112
ABCDU4113
A3BCD4 114
ABCDU4 115
A3CDU 115
ABCD4 117
ABCD# 118
ABCDU4119
ABCD& 12D
ABCD4 121
ABCDU122
ABCD4123
ABCDU4 124
ABCD4125

117
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SUBROUTINE MATRIX (E,V,A,N)
INPLICIT REAL*8 (A-H,0-2)

DIMENSION E(9,9), V(9), A(9), PIV(10), T(9,10)

NN = N + 1

NM = N - 1

po1 I=1,N
T(L,KN) = A(I)
DO1 J = 1,N
T(I,Jd) = E(I,J)
DO7 I = 1,N

TEMP = 0.0DO

DO 2 J = I,N

IF (TEMP .GT. DABS(T (J,T))) GO TO 2
TEMP = DABS(T (J,I))

IPIV = J

CONTINUE

IPt = T + 1

DO 3 J = IP1,NN

PIV(J) = T(IPIV,J) / T(ILPIV,T)

IFROM = N

ITO = N

IF (IFROM .EQ. IPIV) GO TO ¢
FRM = - T(IFFOM,I)

DO 5 J = IP1,NN
T(ITO,J) = T(IFROM,J) + PM = PIV(J)
IT0 = ITO - 1

IFROM = IFROM - 1

IF (IFROM .GE. I) GO TO 4

D0 7 J = IP1,NN

T(I,Jd) = PIV(J)

DO 8 I = 1,NH

J = NN - I
K=0N-1

DO 8 L = J,N

T(K,NN) = T(K,NN) - T(K,L) * T(L,HNN)
D69 I = 1,N

V(I) = T(I,NN)

PETURN

END

Subroutine NOZCTR

SUBROUTINE NOZCTR

IMPLICIT REAL*S (A~4,0-2)
RETUEN

END

Subroutine OUTPUT

SUBROUTINE QUIPUT
IMPLICIT FREAL*8 (A-i,0-Z)

LOGICAL DUMNSPL, FXFN2M, FXK2CP, AFTFAN, FAN
COMMON /COMALL/ COM(1062)

DIMENSION WORD(2)

ABCDU12Z6
ABCDUB 127
ABCD412PR
ABCDB 123
ABCDU13)
ABCDL 131
ABCDLT122
ADCDH 133
ARCDUO 134
ABCDLH 135
ARCDL135
ABCDHL137
ABCD4 139
ABCHY133
ADPCDO 18D
ADpCDL 1L
ABCDU1L2
ABCHUTL?
ABCDY 1Y
ABCDUYILE
RECDY 145
ARCDUINT
A3TDHL 143
ARCDL 1NN
ABCDY 15D
ARCHOU 151
AECDY 152
APCDY133
ALCDHu® 1S4
ALCDU155
AECDL15%
AECDHL 157
AECDU158
BCD4 15D
ABCDE15D
ABCDY 1<
AHMCDR1E?2
ABRCDUTIER
AZCDY 154

ABCDR1ES
ABCDL{155
ARCDY 167
ABCDL1E3

ARCDU 159
ABCDY170
ABCD4171
ABCDU 172
ABCDU4172
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27

CEWNHN=22WVOdOUTF Wi o

N -

1

DIMENSION
EQUIVALENCE

W(6,5),
(WORD (1),

AWORD1(2),

cor(1)), (IDES,

AWORD?2 (2)

CoKM(3)), (M

IDE, CO" (6)),

(IpUMP,

(IAFTBN,
(LOOPER,
(A28SAV,

cou(s)),
com(12)),
coM(19)),

(IGASMX,

cemM(10)),

(IDBURN,

con(11)y,

(IDSHOCZ,

coM(15)),

(IMSHOC,

COM(16)})),

(T24, COM(42)), (A28,

con({50)),

coM (51) ),

(29,

oM (60)),

(R295AV,

COM(61)),

(ZF, COM(136)),
(PCNI, COM(140)),
(AM, COM(195)),

(FG, COM(257)), (FN,

(PCNF,

coM(13my), (21,

CcoM(139)),

(T4,

(ALTP,

coM(155))
coM(196)) ,

(ETAR,
(SFC,

con (187)),

coM (248)),

coM(258)), (zc,

coM(300)), (

PCNC, COM(301)),

(FCBLID,
(A8SAV,

coM (305)) ,
con(347)),

(T7,

CoMm(343)), (a8,

coM (3u6)),

(A9,

Cco¥ (356)),

(R9SAV,

CcOoM (357)),

(TIME, COM(993)),

(TPRINT,

COoM (295)) .,

(DTPRNT,

coM (997)),

(ISPOOL,
(DUMSPL,
(LPTFAN,

coM (1044)),
coM(1057)),
co% (1060) ),

({ITRAN,

(FXFN2M,

coM(1049y),
com(1058)),

(FAN, COM(1061))

(IAMTRYX,
(FXM2CDP,

DATA AWORDI1,
DATA W / 4HSUBS,
4 H3HOC,
4HSHOC,
LHSUBS,
LHSONI,

AWORD2 /4HOUTP,

8HONIC,
4HK IN,
LHK oU,
4HONIC,
4HC CoO,

WHUT
4H C-D,
BHSIDE,
4HTSID,
4H CON,
YHNVER,

, YHCOMM,

4H NOZ,
UH C-DI
uﬂE C"v
4HVERG,
4 HGENT,

4HON
4HZLE ,
4y wozZ,
4HD NO,
4. NO,
4LH NOZ,

IF (IAMTRX
TPRINT = TP
IF (ITRAN .
WORD (1) = A
WORD (2) =
IF (IDBURN
IF (IAFTBN
WRITE (6,7)
GO TO 3
WRITE (6,8)
GO TO 3
WRITE (6,9)
IF (FXFN2M)
IF (FXM2CP)

.50. 1
RINT +
EQ. 1)
WORD1 (1)

-AND.
DTPRNT
WRITE (6, 29)

ITRAN .EQ.

TIME

AWORD1 (2)

.GT. 0) GO TO 2
.GT. 0) GO TO 1
WORD,AM,ALTP,T4,ETAR

WORD,AM,ALTP,T4,T7,ETAR
WORD,AM,ALTP,I't4,T24,ETAR

WRITE (6,17)
WRITE (6,18)

1)

GO TO 24

coM (1054)),
TOM (1059)),
/

4y .

YHZLE ,
UHZZLE,
BHZZLE,

BHZLE  /

IF (FAN)

GO TO 25

WRITE (6,26) ISPOOL
G0 TO 27

IF (.NOT. FXFN2M
WRITE (6,19)

IF (DUMSPL)
IF (PCBLID

AND. (.NDT. FXM2CTP) .AND
WRITE (5,23)

.EQ. 0.0D0) WRITE (5,20)

IF (PCBLID .EQ. 0.0DO .AND. AFTFAN)

IF (PCBLID .NE. 0.0D0 .AND. AFTFAN)

CALL CONOUT (2)

WRITE (6,10) (W(I,IMSHoC),I=1,6),FG,FN,SFC

IF (IGASMX .GT. O .OR. .NOT. FAN) GO TO &

WRITE (6,11) (W(I,IDSHOC),I=1,6)

WRITE (6,12) LOOPER

WRITE
WRITE

« («NOT.

(6,21)
(6,22)

DUMSPL) )

IF (IDES

WORD (1) =
WORD (2) =
WRITE (6,

.NE. 1)
AWORD2(1)
AWORD2 (2)

13)

GO TO 5

WORD,ZF,PCNP,ZI,PCNI,ZC,PCNC,TU,MODE

ABCD4174
ABCD4 175
ABCDU176
ABCDU177
ABCDG178
ABCD4179
ABCDU 18D
ABCD& 181
ABCD# 182
ABCDU4183
ABCD4 184
ABCDY4 185
ABCD4 185
ABCDA4 187
ABCDL18R
ABCDU1R3
RECDY 193
ABCD¢ 191
ABCD4192
ABCDH#193
ABCDU 194
ABCDY4 19¢
ABCDU4 195
ARCDU4 197
ABCDL 193
ABCDY 129
ABCDU20D
ABCD4201
ABCDY{2C2
ARBCD4203
ABCD4 20U
ABCDL20S
ABCD42)5
ABCDU207
ABCD220%
ABCDU2CS
ABCDU 21D
ABCDU211
ARCDU232
ABCDHU213
ABCD4214
ABCDR21E
ABCD4215
ABCDU217
ABCDL 218
ARCDL 213
ABCDU?22)
ABCDY 221
ABCDU4222
ABCDA#223
A3CDU223
A3CDI225
ABCDUL225
ABCDU227
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WRITE (6,14)
WRITE (6,15) (COM(I), I = 33,334)
WRITE (6,14)

WRITE (6,15) DUMSPL, FXFN2M, FXM2CP, AFTFAN, FAN
WRITE (6,14)

WRITE (6,16)

IF (IDES .EQ. 1) GO TO 6

A8 = ABSAV

A9 = A9SAV

A28 = A28SAV

229 = A29SAV

IF (IDUMP .NE. 2) GO TO 6

WRITE (6,16)

CALL SYG (2)

CALL ENGBAL

RETURN
FORMAT (1H , A4, A2, 14X, 7H AM=, F7.3, 6X, 7H ALTP=, F7.0,
1 6X, TH T4=, F8.2, 25X, 7H ETAR=, F7.4)

FORMAT (1H , A4, A2, 14X, 7H AM=, F7.3, 6X, 7H ALTP=, F7.0,
1 6X, 7H T4=, FB.2, 5%, TH T7=, F8.2, 5X, 7H ETAR=, F7.Y4)
FORMAT (1H , A4, A2, 14X, 7H AM=, F7.3, 6X, 7H ALTP=, F7.0,
1 6X, 7H T4=, F8.2, 5X, 7H T24=, F8.2, 5X, 7H ETAR=, F7.4)

FORMAT (1HO, SHMAIN , 6A4, 9X, 3HFG=, F9.2, 18X, 3HPN=, F9.2,
1 18X, 4HSFC=, F8.5)

FORMAT (6H DUCT ,6A4)

FORMAT (16HOCONVERGED AFTER,I4,5H LOOPS,/,1H1)

FORMAT (1H ,A4,A2,9X,7E15.6,TI4)

FORMAT (1H )

FORMAT (1H ,8E15.6)

FORMAT (1H1)

FORMAT (51HOFAN AND MIDDLE SPOOL ARE ATTACHED , USE INNER AND ,
1 14HOUTER TURBINES)

FORMAT (49HOMIDDLE AND COMPRESSOR SPOOLS ARE ATTACHED , USE ,
1 25HMIDDLE AND OUTER TURBINES)

FORMAT (19HOTHREE SPOOL ENGINE)

FORMAT (21HONO AIRFLOW INTD WING)

FORMAT (1H+,22X,14H, AFT-TURBOFAN)

FORMAT (14H0 AFT-TURBOFAN)

FORMAT (22HOMIDDLE SPOOL IS DUMMY)

FORMAT (1HQ, I4, 15H SPOOL TURBOJET)

FORMAT (1H1,20%X,74 TIME=,F7.4)

END

Subroutine PARABO
SUEROUTINE PARABO (X,Y,XD,YANS)

IMPLICIT REAL*8 (A-H,0-Z)
DIMENSION X(3), Y(3)

X1M2 = X (1) - X(2)
X143 = X (1) - X(3)
X2M1 = X(2) - X(1)

ABCD4228
ABCDL229
ABCDU23)
ABCD4231
ABCDU4232
ABCDU233
ABCD423Y
ABCD4235
ABCDU 235
ABCDU237
ABCDU 238
ABCDUY230
ABCDU 240
ABCDU 241
ABCDU 242
ABCD#243
ABCDL2U4Y
ABCDU245
ABCDUL 245
ABCDU247T
ABCDU 248
ABCDH&2u9
ABCD# 257
ABCD#251
ABCD4 252
ABCDY4253
ABCDY 254
ABCDHU 255
ABCDL4 256
ABCDY4 257
ABCDH4258
ABCDU259
RBCDY 250
ABCDL261
ABCDY42E2
ABCDY2€3
ABCDU4 2614
ABCDU2€E5
ABCDU2ES
ABCDU267
ABCDUH 253
ABCDU4269
ABCD#4270
ABCDL 271
LBCD4272

ABCDU273
ABCDU27Y
ABCDU275
ABCDU276
ABCD2277
ABCD4278



X2M3 = X(2) - X(3) ARCDN275
X3M2 = X(3) - X(2) ABCD#280
X150 = X (1) * X(1) _ ABCDY 281
X2S0 = X(2) * X(2) ABCDU2R2
X35Q = X (3) * X(3) A3CDY 283
YIM2 = Y(1) - Y(2) ABCDL 224
YIM3 = Y(1) - Y(3) ABCDU 235
A = (X1M2 * YIM3 - X1M3 * Y1M2) / X1M2 / X1M3 / X342 ABCD4 285
B = ((X1SQ - X25Q) * Y1M3 - (X1SQ - X350) * YIM2) / X1M2 / X1M3 / ABCODU?287
1 X2M3 ABCDL 28R
D= (Y(1) * X25Q -~ Y(2) * X150 - B * X(2) * X(1) * ¥X2M1) / (X25Q ABCDU?283
1 - X159Q) ABCDY 23D
YANS = (A * XD + B) * XD + D ABCDU4 291
RETURN ABCHU232
END ABCD4293
Subroutine PERF
SUBROUTINE PERF LBCNU23Y
IMPLICIT REAL*S8 (A-H,0-%2) ABCD4295S
LOGICAL SI, DUMSPL, AFTFAN, FAN ABCDU 295
COMMON /COMALL/ COM(1062) ABCDY4297
DIMENSION WORD(2) ABCDY4233
DIMENSION AWORD (2) ABCDU299

EQUIVALENCE (WORD(1), ‘coM (1) (IDES, CoM(3)), (IGASMX, COM(10)),BBCDU43C2D

Ve

1 (pP1, coM(33)), (A29, COM(50)), ({(V29, coM(63)), (PS29, COM (65)), ABCNH3)1
2 (WAD, COM(71)), (WFD, COM(72)), (PCNI, COM(140)), ABCDU 302
3 (WFB, COM(192)), (CS, COM{194)), (AM, COM(195)), AECD43N3
4 (WG37, COM(210)), (A39, COM(213)), (V39, coM(221)), ABCDU 304
5 (PS39, COM(226)), (PGMWNG, COM(230)), (FPGPWNG, COM(231)), ABCDU 305
6 (FNWING, COM(232)), (FNMAIN, COM({233)), (FWOVFN, COM(234)), ABCDU 305
7 (DELFG, COM(236)), (DELFN, CO%(237)), (DELSFC, COM(238)), ABCD4307
8 (CVDWHNG, COM(239)), (CVDNDZ, COM(240)), (CVMNOZ, COM(241)), ABCD4 308
9 (VA, COM(242)), (VJD, COM(243)), (VJIW, COM(2u4u4)), ABCD4309
1 (VJM, COM(245)), (WFT, COM(246)), (WGT, COM(247)), ABCDU310
2 (SFC, COM(248)), (TFAR, COM(243)), (FRD, COM(250)), ABCDUY 311
3 (PGMD, COM(251)), (FGMM, COM(252)), (FGPD, COM(253)), ABCDU312
4 (FGPM, COM(254)), (PGM, COM(255)), (FGP, COM(256)), ABCDY313
5 (FG, COM(257)), (PN, COM(258)), (FFOVFN, CTOM(259)), ABCDUL 314
6 (FCOVFN, COM(260)), (FMNOFN, -OM(261)), (FNOVFD, COM(262)), ABCD4315
7 (WA32, COM(271)), (PCBLID, COM(305)), (CNI, COM(309)), ABCD4316
8 (WAI, COM(311)), (BLOB, CIM(318)), (WAF, COM(319)), ABCDU317
9 (WG24, COM(321)), (WG7, COM(334)), (A3, COM(356)), ABCDL 318
1 (PS9, COM(359)), (V9, COM(360)), (WFA, COM(368)) ABCD4 319
EQUIVALENCE (TIME, COM(993)), (TPRINT, COM(996)), ABCDU 325
1 (ITRAN, COM(1049)), (SI, COM(1055)), (DUMSPL, COM{1057)), ABCDY4 321
2 (APTFAN, COM(1060)), (FAN, COM(1061)) ABCDU322
DATA AWORD /4H PE, 4HRF / ABCDL4323

WORD(1) = AWORD(1) ABCDU 324

WORD (2) = AWORD (2) ABCDY4325
IF (SI) GO TO 100 ABCD4325
G = 32.174049D0 ABCDU4327
CAPSF = 2116.2170D0 ABCDY 328
GO TO 101 ABCDU32)
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100
101
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G = 1.0D0

CAPSF = 1.0D0

WPT = WFB + WFD + WFA

WAT = WAF - BLOB

IF (AFTFAN) WAT = WAT + WAI

WGT = WAT + WFT

TFAR = WFT / WAT

VA = AM * CS

FRD = VA * WAFP / G

IF (AFTFAN) FRED = FRD + VA * WAl / G
VIM = CVMNOZ * V9

FGMM = VJM * HG7 / G

FGPY = CAPSTF * (PS3 ~ P1) * A9

IF (IGASMX .GT. ¢ .OR. .NOT. FAN) GO TN 1
VJD = CVDNOZ * V29

FGMD = VJD * WG24 / G

FGPD = CAPSF * (PS29 - P1) * A29

VJw = 0.0D0O

FGMWNG = 0.0DO
FGPWNG = 0.0DO
FGWING = (.0DO
FNWING = 0.0DO

IF (PCBLID .EQ. 0.0D0O) GI TN 2
VIW = CVDWNG * V39

FGUWNG = VJIW * WG37 / G
FGPWANG = CAPSF * (PS39 - P1) * 239
FGAING = FGMWNG + FGPWNG

FNWING = FGWING - VA * WA32 / G

FGM1 = FGMM + FGMD
PGM = FGM1 + FGMWNG
FGP1 = FGPM + FGPD
FGP = FGP1 + FGPWNG
FNMAIN = FGM1 + FGP1 - VA * (WAP - WA32) / G
IF (AFTFAN) FNYAIN = FPNMAIN - VA * WAI / G
FG = FGM + FGP
FN = FG - FRD
SFC = 3600.0D0 * WFT / FN
FG = DELFG * FG
= DELFN * FN
SFC = DELSFC * SFC
FFAN = FGMD + FGPD - VA * WHAD / G
FCORE = FNMAIN - FFAN

FFOVFN = FFAN / FN

FCOVFN = FCORE / FN

FWOVFN = FNWING / FN

FMYNOFN = FNMAIN / FN

IF (IDES .EQ. 1) FDES = FN
FNOQVFD = FN / FDES

IF (.NOT. DUMSPL) Go TOC 3

PCNI = 1.0DO0

CNI = C.0DO

It (ITEAN .EkQ. 1 .AND, TIME LT, TPFINT) CLLL ENGBAL
CALL OUTPUT

CALL EBRAOR

FETURN

END

ABCDY330
ABCDY4331
A3CD4 332
ABCD4333
ABCDUY 334
ABCD4335
ABCDU 336
ABCD4 337
ABCDU4 338
ABCDL33)
ABCDL 34D
ABCD4 341
ABCDU 342
ABCDG 343
ABCDU3uY
ABCDU 245
ABCDU3YZ
ABCDY 347
ABCDY 3R
ABCDU43U?
RBCDI 259
ABCDU351
ABCDU 352
ABCDI353
ABCDU35Y
ABCDU 353
ABCDY35%
ABCD4 257
RBCDY3ER
ABCDY 359
ABCDY3ED
RBCDY 3R
ABCDY 352
ABCDUIE3
ABCD43€n
ABCDY3E5
RBCDURES
ABCDY43E7
ABCD4363
ABCD%3%3
A3CDUTD
ABCDE371
ABCDU37Z
ABCDE373
ABCDY374
ABCDU373
AECDU3T6
ABCDU3TT
ABCDU 278
ABCDY 373
ABCDL AL
ABCDY 381
ABCDE 382
ABCDUY 383
2BCDA 334
ABCDU 235



Subroutine PROCOM

SUBROUTINE PROCOM (FARX,TEX,CSEX,AKEX,CPEX,REX,PHI,HEX) P3CD4 3235
IMPLICIT REAL*8 (A-H,0-2) APCDLIST
LOGICAL SI ABCDH 392
COMMON /COMALL/ COM(1062) A3CDE D
EQUIVALENCE (SI, COM(1055)) LRCDY33D

c IF SI ONITS ARE USED, CONVERT TEX TO DEGREES RANKINE ARCDL 391
IF (SI) TEX = TEX * 9.0D0 / 5.0D0 ABCDU 332
IP (FARX .GT. .067623D0) FARX = .067623D0 ABCD4 323
IF (TEX .LT. 300.0D0) TEX = 300.0DO ABCDU3GY
IF (TEX .GT. 4000.0D0) TEX = 4000.0DO ABCDU33S
IF (FARX .LT. 0.0D0O) FARX = 0.0DO0 ABCDL 355

o AIR PATH ABCDL357
CPA = ((((({(1.011554D-25 * TEX - 1.452677D-21) * TEX + ABCDL 398

1 7.6215767D-18) * TEX - 1,5128259D-14) * TEX - 6.717837€D-12) * A3CDU3R2S
2 TEX + 6.5519486D-08) * TEX - 5,1534879D-05) * TEX + 2.5020051D-01ABCDUY4??

HEA = (((((((1.2644425D-26 * TEX - 2.0752522D-22) * TEX + A3CDHI DT
1 1.270263D-18) * TEX - 3.0256518D-15) * TEX - 1.6794594D-12) = BBCDULO?
2 TEX + 2.1839826D-08) * TEX - 2.575844D-C5) * TEX + ABCDY Y0
3 2.5020051D-C1) * TEX - 1,7558886D+00 ABCDLUDY

SEA = 2.5020051D-01 * DLOG{TEX) + ((({((1.4450767D-24 * TEX - ABCDUIAS
1 2.4211288D-22) * TEX + 1.5243153D-18) * TEX - 3.792064RD-15) *  ABCNULCS
2 TEX - 2.239279D-12) * TEX + 3.2759743D-08) =* TEX - AETNY4D7
3 5.1576879D-05) * TEX + 4,54323n-02 ABCDUOULOS

IF (FARX .LE. 0.0D0) GO TD 5 ABCOY MDD

c FUEL/AIR PATH ABCLHL 1D

CPF = ((((({(7.2567871D-25 * TFX - 1.3335648D-20) * TEX + ABCDLLTY

1 1.0212913D-16) * TEX - 4,2051104D-13) * TEX + 9.9685793D-10) * ARCDUILT?
2 TEX - 1.3771301D-06) * TEX + 1.225863D-03) * TEX + 7.3815€3R8D-02 ARCOUUIR

HEF = ((((({((9.0848388D-26 * TEYX - 1.905094%D-21) * TEX + ABCOLUTY
1 1.7021525D-17) * TEX - 8&,4102208D-14) * TEX + 2,8921698C-10) *  ARCDUUL1S
2 TEX - 4.5906332D-07) * TEX + 6.1293150-04) * TEX + ABCDUU1S
3 7.3816638D-02) * TEX + 3.058153D+01 A3CDUY17

SEF = 7.3816638D-02 * DLO3 (TEX) + (((({(1.03R267D-25 * TEX - ABCDLL1E
1 2.2226118D-21) * TEX + 2,0425826D-17) * TEX - 1.0512776D-13) *  ABCDLU1J
2 TEX + 3.3228928D-10) * TEX ~ 5.8859505D-07) #* TEX + ARCDS U2
3 1.225863D-03) * TEX + 6.483398D-01 ABCDLL2T

5 CPEX = (CPA + FARX * CPF) / (1.0D0 + FAPX) ABCDUG22

HEX = (HEA + FARX * HEF) / (1.0DC + FARX) ASCDIG23

PHI = (SEA + FARX * SEF) / (1.0D0 + FARX) ABCDUN2Y

AMW = 28.97D0 - .346186D0 * FARX ABCDYULDS

REX = 1.986375D0 / AMW ABCDUU25

AKEX = CPEX / (CPEX - REX) ABCDUG27T

CSEX = DSQRT (AKEX * REX * TEX * 25031.37D0) ABRCOLL2E

IF (.NOT. SI) RETUERN PBCDUL2?

CPEX = CPEX * 4185.7666D0 ARCDULR"

HEL{ = HEX * 2325.4259D0 ABCDUG 3T

PHI = PHI * 4185.7666D0 ABCDLU3D

REX = REX * 4185.7666D0 PBCDUYIS

CSEX = CSEX * .3048DO ABCDAU3Y
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TEX = TEX * £,0DC / 9.5DC
FETURN
END

Subroutine PUTIN

SUBFOUTINE PUTIN
TMPLICIT REAL*8 (A-H,0-2)

LNGICAL SI, ERRER, DUMSPL, FXFN24, FYM2CP, AFTFAN, FAN
COMMON /COMALL/ COM(1062)

DIMENSIUL WORD(2), TIMEPT(50)

DIMENSION XSAVE(39€), AWORD(2)

EQUIVALLNCE (WORD(1), COM(1)), (IDZS, COM(3)), (MODE, COM(6)),

(INIT, COM(7)), (IDUMP, CON(®)), (IAMTP, COM(9)),
(IGASMX, COM(10)), (IDBURN, COM(11)), (IAFTBN, COM({12)),
(IDCD, COM(13)), (IMCD, COM(14)), (NOZFLT, COM(17)),
(ITRYS, COM(18)), (TOLALL, COM(23)), (AM23, COK(35)),
(r2¢, COM(42)), (A28, COM(50)), (ETAD, COM(73)),
(DPDUDS, COM(75)), (T2, COM(92)), (P2, COM{(23)),

(T4DS, COM(101)), (EMS55, COM(127)), (PS5S, COM(110)},

(TFHPDS, COM(118)), (CNHPDS, COM(11S)), (ETHPDS, COM(120)),

{PCNFDS, COM(1z4)), (PRFDS, CO%M(125)), (ETAFDS, COM(126)),
(HPEXT, COM(129)), (WACCDS, C0%(130)), (2ZCDS, COM(133)),
(WAFC, COM(135)), (PCNF, COM(137)), (PCBLF, COM(13%)),
(ZIDS, COM(14€)), (PCNIDS, CIY(147)), (T4, COM(156)),
(PCBLHP, COM(166)), (PCBLIP, COM(167)), (PCBLLP, COM(168)),
(PCBLDU, COM(169)), {(PCBLOB, COM{170)), (PRIDS, COM(180)),

(ETAIDS, COM(181)), (WAICDS, -OM(183)), (ETARDS, CO™(184)),

(WFBDS, COM(185)), (ZFDS, COM(186)), (ETAR, COM{187)),

(WFB,COM (192)), (AM,COM (135)), (ALTP,COM(19€)), (DPCIDS,COM(197)),

(r38, cCoM(211)), (DPWGDS, COM(235)), (DELFG, COM(236)),
(DELFN, COM(237)), (DELSFC, COM(238)), (CVDWNG, COM(239))
EQUIVALENCE (CVDNOZ, COM(24C)), (CVMNOZ, COM(281)),
(TFLPDS, COM(275)), (CNLPDS, COM(276)), (ETLPDS, COM({(277)),
(FFIPDS, COM (278)), (CNIPDS, COM(279)), (ETIPDS, CO%(280)),
(PRCDS, COM(297)), (ETACDS, COM(298)), (BCNC, COM(301)),
(PCBLC, COM(302)), (PCNCDS, COM(303)), (PCBLI, CO4(304)),
(PCBLID, COM(305)), (WACI, COM(310)), (WACC, COM(320)),
(AM6, COM(327)), (A6, COM(328)), (T7IDS, COM(342)),
(r7, CoM(343)), (A8, COM(34€)), (ETAADS, COM(366)),
(DPAFDS, COM(367)), (WFA, CO%(368)), (ET2A, COM(369)),
(VFAN, COM(395)), (VINTC, COM(396)), (VCOMP, COM(397)),
(VCOMB, COM(398)), (VHPTRB, COM(399)), (VIPTRB, COM(&00)),
(VLPTRB, COM(401)), (VAFTBN, COM(402)), (VFDIUCT, COM(403)),
(VWDUCT, COM (404)), (XNHPDS, COM(423)), (XNIPDS, COM(424)),
(XNLPDS, COM(425)), (PMIHP, CO™M (426)), (PMIIP, COM(427)),

(PMILP, COMN(428)), (DELT1, COM(429)), (TIMEPT(1), COM(941)),

(PRFNEW, COM(991)), (PRCNEW, Z0M(992)), (TIME, COM(993)),
(DT, COM(994)), (TF, COM(995)), (TPRINT, COM(996)),
(DTPRNT, COM(997)), (ISPDOL, COM(1044)), (KKGO, COM(1048)),
(ITRAN, COM(1049)), (JTRAN, COM(1050)), (NSTEP, COM(1051)),
(IAMTRX, COM(1054)), (SI, COM(1055)), (EKRER, COM(1056))
EQUIVALENCE (DUMSPL, COM(1057)), (FXFN2M, COM(1058)),
(FXM2CP, COM(1059)), (AFTFAN, COM(1060)), (FAN, COM(1061)),

ABCDL 435
ABCDOU3E
ABCDY4U37

ABCDUU38B
ABCDU4UL33
A3CHau40
ABCDY 44
ABCDLUY2
ABCDULY3
ABCD4 ULY
ABCDULYS
ABCDLULS
ABCDUULUT
ABCDY4tY=R
ABCDUABUI
ABCDULS)
ABCDU4YUS
ABCDU4AUE?2
ABCDUEULS3
ABCDUU4SY
ABCDU4SS
ABCDULSS
ABCDULST
ABCDU4USE
ABCDYU53I
ABCDYU5)D
ABCD#LUB Y
ABCDULUE?2
ABCDUOULG3
ABCDLUSY
ABCDUUSS
ABCDUULSE
ABCDULST
ABCDUULER
ABCDLH62
ABCDUY7TO
ABCDOUUT
ABCDYHUT2
ABCDLLT73
ABCDUUL4TY
ABCDUUTS
ABCDUL4TS
ABCDUU477
ABCDULU4TS
ABCDUU73
ABCD4432
ABCDU4UBT
ABCD4U482
ABCDU4LES
ABCDUUSBY
ABCD#485
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2 (WAFCDS, COM(1062)) ABCDUNRE
DATA AWORD /4HPUTI, U4HN ABCDUYST
IDES =1 FOR CALCULATING DESIGN POQINT ABCNuGUSBR
MODE =0 FOR CONSTANT T4 ABCDUYHR2
MODE =1 FOR CONSTANT PCNC ABCDUU9D
MODE =2 FOR CONSTANT WFB ABCDL U3
MODE =3 FOR CONSTANT PCNF ABCDUNG2
INIT =1 WILL NOT INITIALIZE POINT ABCDY U3
IDUMP =1 WILL DUMP LOOPING WRITE-OUTS IF ERROR OCCURS ABCDUUIY
IDUMP =2 WILL DUMP LOOPING WRITE-DUTS AFTER FVERY POINT BRCDL YIS
IAMTP =0 WILL USE INPUT AM AND MIL SPEC ETAR ABCDLUOS
IAMTP =1 WILL UGSE INPUT AM AND INPUT ETAPR RABCDULIT
IAMTP =2 WILL USE T2 AS T1=T1+4T2 AND STANDARD P1 ABCDLYIR
IAMTP =3 WILL USE P2 AND STANDARD T1 ABCDUYII
IAMTP =4 WILL USE T2 AND P2 ABCDL500
IAMTP =5 WILL USE BRAM2 FOR SPECIAL RECOVERY ABCDUSI1
IGASMX=-1 SEPARATE FLOW, INPUT A6 ABCDUS5D2
IGASMX=0 SEPARATE FLOW, A6=AS55 ABCN4SO3
IGASMX=1 WILL MIX DUCT AND MAIN STREAMS, A6=A25+A55 ABCDYSOY
IGASMX=2 WILL MIX DUCT AND MAIN STREAMS, INPUT A6 RBCDU4EOS
IDBURN=1 FOR DUCT BURNING, INPUT T24 ABCDU595
IDBURN=2 FOR DUCT BURNING, INPUT WFD ABCDUS0T
IAFTBN=1 FOR AFTERBURNING, INPUT T7 ABCD4 503
IAFTBN=2 FOR AFTERBURNING, INPUT WFA ARCDY50¢
IDCD =1 DUCT NOZZLE WILL BE Z-D RBCDY51)
IMZD =1 MAIN NOZZLE WILL BF C-D ABCDL5T1
NOZFLT=1 FOR FLOATING MAIN NOZZLE RBCDUS12
NOZFLT=2 FOR FLOATING DUCT NOZZLE ABCDY513
NOZFLT=3 FOR FLOATING MAIN AND DUCT NOZZLES ABCDUSTY
ITRYS =N NUMBER OF PASSES THRU ENGINE BEFORE QUITTING ABCDU515
NAMELIST /DATAIN/ ISPOOL,FAN,S5I,DELT1,IDES,MNODE,IDUMP,IAMTD, ABCDU4S15

1 IGASMX,IDBURN,IAFTBN,IDCD, IMCD,NOZFLT,ITRYS,FXFN2H,FXM2CP, ABCNYS517

2 AFTFAN,DUMSPL,TOLALL,DELFG,DELFN,DELSFC, PCNFDS,PRFDS, ETAFDS, ABCDUS1R

3 PCNCDS,PRCDS, ETACDS, T4DS, WFBDS, ETABDS,DPCODS,ETHPDS,ETLPDS, ABCDUY513

4 DPDUDS,T7DS,ETAADS,DPAFDS, A6,A3,A28,PS55,AM55,CYDNOZ,CYMNOZ, T2, ABCDUS2)

5 p2,TW,WAFCDS, WACCDS, HPEXT,AM,ALTE, ETAR,PCNF,PCNC,RFR,PCBLF,PCNI, ABCD4521

6 PCBLC,PCBLDU,PCBLOB,PCBLHP,PCBLLP,T24,ETAD,T7,WFA, ETAA,AM6,AM23, ABCDUS22

7 DPWGDS,A38,PCNIDS,PCBLIP,ZFDS,ZCDS,ZIDS,PCBLID, TFHPDS,CNHPDS, A3CDUS23

8 TFIPDS,CNIPDS,TFLPDS,CNLPDS,PRIDS, ETAIDS,ETIPDS,WAICDS,PCBLI, ABCDU 524

9 CVDWNG, ITRAN,DTPRNT,TF,INIT,DT, XNHPDS, XNIPDS,XNLPDS,PMIHP,PMIIP, ABCDH525

1 PMmILP,VFAN,VINTC,VCOMP,VCOMB,VHPTRB, VIPTRB, VLPTRB, VAPTEN, VFDUCT, ABCDUS25

2 VWDUCT, IAMTRX ABCD4527
WORD (1) = AWORD (M) ABCDUS2E
WORD(2) = AWORD(2) ABCDUS23
ITRAN = O ABCDUS3)
JTRAN = 0 ABCDUS531
TIME = 0.0DO ABCDUE32
NSTEP = O ABCDL533
TPRINT = 0.0DO ABCDU453Y
DTPRNT = 0.0DO ABCD4535
CALL ZERO ABCD4535
IF (KKGO .EQ. 1) GO TO 5 ARCDUS53T
IDES = O ABCD4 538
RFAD (5,DATAIN) ABCDU4539
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IF (.NOT. BRRER) GO TO 102

IF (IAPTBN .GT. O .OR. IDBURN .GT. 0 .OR. NOZFLT .GT. 0) GO TO 1
ERRER = .FALSE.

TABLE IS REFERENCED TO COMMON/ALL/FIRST ENTRY

IF (IDES .EQ. 0) GO TO 7

IF (KKGO .NE. 2) GO TO 3

TEMP1 = COM (325)

TEMP2 = COM (326)
TEMP3 = COM (336)
TEMP4 = COM (370)

po 2 I = 1,392
COM(I+2) = XSAVE(I)
Do 205 I = 1,4

COM(I+1056) = XSAVE(I+392)
COM(325) = TEMP1
COM (326) = TEMP2
COM (336) = TEMP3
COM(370) = TEMPY

READ (5,DATAIN)
SAVE INPUT IN CASE OF LOOP ON PRESSUEE PATTOS

TEMP1 = XSAVE (323)
TEMP2 = XSAVE(324)
TEMP3 = XSAVE (334)
TEMPY4 = XSAVE(368)
po s I = 1,392

XSAVE(I) = COM(I+2)
DO 405 I = 1,4
XSAVE(I+392) = COM(I+105€)

XSAVE (323) = TEMP1
XSAVE(324) = TEMP2
XSAVE (334) = TEMP3
XSAVE(3€8) = TEMD4
Go TO 7

TEMP1 = COM(325)
TEMP2 = COM(326)
TEMP3 = COM(336)
TEMP4 = COM(370)

o 6 I = 1,392

COM (I+2) = XSAVE(I)

DO 605 I = 1,4

COM (I+41056) = XSAVE (I+352)

COM (325) = TEMP1
COM(326) = TEMP2

COM (33€) = TEMP3

COM (370) = TEMP4

WRITE (6,8) PRFDS,DPRFNEFW,PRCDS,PRCNEZW
PRCDS = PRCNEW

PEFDS = PRFNEW

KKGO = 2

IF (IAFTBN .GF. O .OR. ID3URN .GT. O .OR. NOZFLT .GT. 0) INIT =
IF (MODE .EQ. 0) WRITE (5,9) IDES,AM,ALTP,T4,T24,T7

IF (MODE .EQ. 1) WRITE (3,10) IDES,AM,ALTP,PCNC,T24,T7

IF (MODE .EQ. 2) WRITE (8,11) IDES,AM,ALTF,WFB,T24,T7

IF (DUMSPL) WAICDS = WACCDS

ABCD4540
ABCD4541
ABCDY4SH2
ABCDU543
ABCDU# 544
ABCD#S4UE
ABCDLS5Y5
ABCDU547T
ABCDG5US
ABCDL543
ABCDU4SSC
ABCD4SS1
ABCD&552
ABCDLS53
ABCDU4RSU
ABCDY4555
ABCDUSS55
ABCDUSS7
ABCD4RER
LBCDU =52
RBCDUSSO
ARCDUSET
ABCDUSA?2
ABCDYSA3
ABCDLREY
ABCDEESS
ABCDURGES
APBCDYS5ET
ABCDUSA®
ABCDURR3
ABCDUSTC
ABCDUST
ABCDU4S7T2
EECDULET3
ABCEBLSTY
ABCDUSTS
ABCDYRTS
ABCD"ET7
ARCDHUETR
ABCDLSTI
ABCDUS8?2
ABCDUEEY
ARCDUSB2
ABCDUE83
ABCDHERY
ABCD4585
ABCDUSES
ABCD4S87
ABCDu S8R
TABCDU4583
ARCDU59)
ABCDU4591
ABCD4522
ABCDLSQ3
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IF (IDES .NE. 1) GO TO 101 ABCDU459Y4

WAFC = WAFCDS ABCDU# 595

WACI = WAICDS ABCDUSI5

WACC = WACCDS ABCDUS597

CALL COINLT ABCDUSSB

RETURN ABCDU4593

ABCDUB0O

ABCDU6I1

FORMAT (18HOCHANGE PRFDS FROM, F9.3, 44 TO, F9.3, 17H AND PRCDSABCDU602

1 FROMN, F10.3, 4H TO, F10.3) ABCD4603
FORMAT (140, 7H IDES=, I3, 12X, 7H AM=, F7.3, 6%, 7H ALTP=, ABCD460Y4

1 F7.0, 6Xx, 7H T4=, FR.2, 5X, 7H T24=, F8.2, 5X, 7H 7=, ABCDY4605
2 FB8.2, 6H353$3%9) ABCDUEDS
FORMAT (18C, 7H IDES=, I3, 10X, 7H aM=, ¥7.3, 6X, 7H ALTP=, ABCDU46Q7

1 F7.0, 6%, 74 PCNC=, F8.3, 5x, 7H T24=, F8.,2, 5%, 7H T7=, ABCD4603
2 F8.2, 6H$$35%%) ABCD4€0?
FORMAT (140, 7H ipEs=, I3, 10X, 7H AM=, ¥7.3, 6x, 7H ALTP=, ABCDHE1D

1 F7.0, 6%, 74 WFB=, FE8.4, 5Y, 7H T24=, FR.2, 5%, 7H T7=, ABCDUE11
2 FB8.2, 6H$$33558) ABCDUB12
END ABCDU613

Subroutine RAM

SUBROUTINE RAM (AM,ETAR) ABCDU6&1L

IMPLICIT REAL*8 (A-tH,0-7) ABCD4 &S

ETAR = 1.0DO0O LBCDU#E15

IF (AM .LE. 1.0DC) RETURN ABCDU#617

I (AM .GT. 5.CD0) GO TO 3 ABCDUETS

ETAR = 1.0D0 - 0,075D0 * ((AM - 1.0D0) **x 1,3-D0) A3CD"612

FETURN ABCD#620

ETAR = 800.0D0 / ({(AM *x 4) + 935,0D0) ABCDUE?21

RETURN ABCD4622

END ABCDUG23

Subroutine RAM2

SUBROUTINE FAM2 (AM,rnTAR) ABCDLE2Y

IMPLICIT PEAL*8 (A-H,N-2) ABCD4R2S

DIMENSION PRINLT(15), FMN(15), X{(3}), Y (3) ARCDU625

DATA FMN ,/0.0D0, .1D0O, .200, .3D0, .4D0, .EPN, .RDC, 1.1D0, ARCDUE2T

1 1.200, 1.4DO, 1.6DO0, 1.8DC, 2.2D0, 2,u4DN, 2.7D0/ RRCDUE2R
DATA PRINLT /.9D0, .©32D), .%5D%, .961D0, .9€8DO, .97D0O, .97931D0,ARCDU629

1 .97D0, .3681p0, .958nC, .9L4NDO, .2181D0, .8%8D0, .3201DV, .75D0/ A3COHUE3D
M =0 ABCDUE ]

pc 1 J= 1,15 ABCDUAR32

IF (AM .GE. FMN(J)) M =J - 1 ABCDUS33

CONTINUE ABCDUB3Y

IF (M .EQ. 0) M =1 ABCDUERE

IF (M .GE. 14) M = 13 ABCDUE35

po 2 I =1,3 ABCDUB3T

MM = M - 1 + I ABCDUE3?

X(I) = FMN(MM) ABCDLEIS

Y(I) = PEINLT (MY) ABCDUELD

CALL PARABO (X,Y,AM,ETAR) ABCDUEH

FETURN ABCDLEND

END ABCDH AU
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SUBROUTINE FOLL

TMPLICIT REAL*8 (A-H,0-Z)
COMMON /CGMALL/ CN%(10€2)

DIMENSICY FO(50,4), SO{(1),6), PDATA(
EQUIVALENCE (FO(1,1), COY(430)),
1 (PDAIA(1,1), COM(6S1)}, (TIMEPT(M),
po 1 I =1,50

FO(I,2) = FO(I,1)

FO(I,U4) = FO(I,3)

po 2 I = 1,10

SO(I,6) = SO(I,5)

SO(I,5) = SO(I,4)

SO(I,3) = SO(I,2)

$0(I,2) = sSO(I, 1)

DO 3 I = 1,49

N1 = 51 - 1

NO = 5C - I

TIMEPT(N1) = TIMEPT(ND)

03 J=1,5

PDATA(J,N1) = PDATR(J,NO)

RETURN

END

SUBROUTINE SEARKCH (P,A,B,C,D,2AX,N2,BX,CX,DX,NO,NAMN,NO4,NCIDE)

IMPLICIT

REAL*S8

COUMON /COMALL/
AX (NAM),

DIMENSION
1 NO(NAM),

EQUIVALENCE

0(9)

Subroutine ROLL

Subroutine SEARCH

(A-H,0-2)
COM(1062)

BX (NAM, NOM),

(TOLALL, COM(23))

NEEDS SUBROUTINE AFQUIR
AX AND BX MUST BE STORED LO TO HI

P=INPUT PROPORTION BETWEEN
IF NOT INPUT,

NCODE=00
NCODE=01
NCODE=02
NCODE=07
NCODE=10
NCODE=20

CK

A LO

A HI

ERROR
B LO

B HI

EXTR (ARAA,EBB,CCCQ)

NCODE = 0
cC = 0.CDO
b = 0.0DO
FIND A

DO 1 I =
IH = I

IF (A .LT.

1,NA

AX (1))

AAR + BEE ¢

GO TO 2

=4

5,50,

{(sn (1,0,

TIMEPT (50)
COM(631)),

COM (94 1))

X {NAM,NOM), DX(NAM,YOM),

(cccC

0.0 aAND 1.0
P MUST EQUAL -1.

A2R)

ABCDUEUL
A3BCDUBUS
ABCDYENZ
RRCDUENT
RECDUAUS
ABCDUEY3
ABCDUBRRD
ABCDULAS
A3CDUA52
ABCDUARS3
ABCDUFSY
ABCD4655
ABCDUESS
ABCDUEST
ABCDUG5SR
ABCDUESS3
ABCDYU6EQ
ABCDLEEN
ABCDUEE2
ABCD4€%3
ABCDURAY
ABCDUEES

ABCDUEES
ABCDUEST
ABCDUEER
ABCDYUKS?
ABCDUETD
ABCDLAT T
ARCDY672
ABCDY467T3
ABCDU4BTY
A3CDUETS
ABCD4675
ABCDLATT
ABCD"678
ABCDUE7¢C
ABCDY4£8D
ABCDUBST
ABCDUER2
ABCDUES3
ABCDU 684
ABCDU4685
ABCD&686
ABCDUESBT
ABCDU 688
ABCDUEBI



e e

C kkk

X~

CIONTINUE
IF (A .GT. AX(IH)) NCODE = 2

A = AX(IH)

GO ToO 3

IF (IH .GT. 1) GO TO 3

NCODE = 1

IH = 2

A = AX(1)

IL = IH - 1

LIMH = NO(IH)

LIML = NO(IL)

FIND B

PRM = (A - AX(IL)) / (AX (IH) - AX(TL))
PP = P

IF (P .GE. 0.0D0) GO TO 8§
BL = EXTR(BX(IL,1), PRM, BX(IH,1))
BH = EXTR(BRX(IL,LIML), PRM, BX(IH,LIMH))

IF (B .GE. BL) GO TO 4
NCODE = NCODE + 10

GO TO 5

IF (B .LE. BH) GO TO 5

NCODE = NCODE + 20

BHM = EXTR (BX(IL,LIML-1), PRM, BX(IH,LIMH-1))
CHM = EXTR{CX(IL,LIML-1), PRM, CX(IH,LIMH-1))

DHNM EXTR (DX(IL,LIML-1), PRM, DX (IH,LIMH-1))
CH = EXTR{CX(IL,LIML), PEM, CX(IH,LIMH))
DH = EXTR(DX{IL,LIML), PRM, DX(IH,LTIMH))

CSLOPE = (CH - CHM) / (BH - BHM)
DSLOPE = (DH - DHM) / (BH -~ BHM)

C = CH + CSLOPE * (B - BH)

D = DH + DSLOPE * (B - BH)

RETURN

PP = 0.5D0

Q(2) = 0.0DO

Q(3) = 0.0D0

BH = EXTR(BX(IH,1), PP, BX{IH,LIMH))

BL = EXTR(BX(IL,1), PP, BX(IL,LIML))
DO 7 J = 2,LIMH

JH = J

IF (BH .LT. BX(IH,J)) GO TO 8
CONTINUE

JL = JH - 1
DO 9 K = 2,LIML

KH = K
IF (BL .LT. BX(IL,K)) GO TO 10

CONTINUE

KL = KH - 1

PR = (BX(IH,JL) - BH) / (BX(IH,JH) - BX(IH,JL))
CH = EXTR(CX(IH,JL), -PR, CX(IH,JH))

DH = EXTR(DX(IH,JL), -PR, DX(IH,JH))

PR = (BX(IL,KL) - BL) / (BX(IL,KH) - BX(IL,KL))
CL = EXTR(CX(IL,KL), ~PR, CX(IL,KH))

DL = EXTR(DX(IL,KL), ~PR, DX(IL,KH))

ABCDLGEAD
ABCD4EI
ABCDUF92
ABTDUEGS
ABCDUASY
ABCDH €95
ABCDLUEGA
ABCDUEQ7
ABCDLA3®
ABCDY 509
ABCDNMT0D
ABCD4701
ABCDL 702
ABCDLT03
ABCDL 704
ABCDH 705
A3CDUTOE
ABCD4707
ARCDLETOR
ABCOHUTC?
ABCDHU710
RBCDU 711
ABCD2712
ABCD4 7113
ABCDUT 1Y
ABCDLT715
ABCDU4T15
ABCDUT717
ABCDU4718
ABCDUT19
ABCDLT2N
ABCDUY721
ABCD#4722
ABCDUT23
ABCDU 724
ABCDUT725
ARCDN" 725
RBCDY 727
ABCDU472%
ABCDY 723
ABCDH4 730
RBCDH 731
ABCDH732
ABCD4733
ABCD4 734
ABCDU4735
ABCD473¢c
ABCDL4 737
ABCDY#4738
ABCDU4739
ABCDU#7U4D
ABCD4 741
ABCDU 742
ABCDH4#7T43
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BT = EXTR(BL, PRM, BH)
CT = EXTR(CL, PRNM, CH)
DT = EXTR(DL, PRBRM, DH)

IF (P .GE. 0.0D0) GO TO 13
DIR = DSQRT (B / BT)
ERR = (B - BT) / B

CALL AFQUIR (Q(1),PP,ERR,0.0D0,25.0D00,1.0D0*TOLALL,DIR,PT,ICON)}

Go T0 (11,13,12), ICON
PP = PT

IF (PP .LT. 0.0D0) PP
IF (PP .GT. 1.0D0) PP
GO TO 6

NCODE = 7

B = BT

C=cCT

D = DT

RETURN

END

0.0DC
1.0D0

Subroutine SYG

SUBROUTINE SYG (ICON)
DIMENSION WORD(132)
DATA ONEDOL /UHS$ /
Go To (1,2), ICON
REWIND 8
RETURN
TERMINATE THE FILE
WRITE (8,10)
REWIND 8
READ RECORD
READ (8,11) (WORD(I),I=1,132)
CHECK FORX 12 LEADING DOLLAR SIGNS
po4 I = 1,12
IF (WORD(I) .NE. ONEDOL) G50 TO 5
CONTINUE
RETURN
CHECK FORK 6 TRAILING DOLLAR SIGNS
po g8 I = 1,132
IF (WORD(I) .NE. ONEDOL) GO TO 8
K=14+25
po 7 J = I,K
IF (WORD(J) .NE. ONEDOL) GO TJ 8
CONTINUE
GO TO 9
CONTINUE
WRITE (6,12)
RETURN
PRINT LINE
I=1I-1
WRITE (6,11) (WORD (M),M=1,I)
GO TO 3

ABCDUT74Y
ABCDU4 745
ABCDUTUS
ABCDU4TUT
ABCD4743
ABCDL7UD
ABCDU 75D
ABCDU4 751
ABCD4 752
ABCD4753
ABCDU4 754
ABCDU TS5
ABCDU4 7S5
ABCDU4737
ABCDuU4758
ABCDU 753
A3CDH 760
ABCD4 731

ABCDU7TE2
ABCDU 753
ABCDUTEY
RBCDUTSS
ABCDUTES
ABCDUTE7
ABCDULT7FS8
ABCDR 753
ABCDUTTC
LR3CNDUIT1
ABCDU7T772
ABCDUT773
ABCDUT7Y
ABCDU775
ABCDU477s5
ABCDLT77
ABCDU4778
BRBCDLTT3
ABCDU4 780
ABCD4 781
ABCDU732
ABCDUTB3
ABCD478%4
ABCDUTBS
ARCDUT8S
ABCDU4 787
ABCDY 783
ABCDU789
ABCDY4 799D
ABCDULT791
ABCD4792
ABCDY4793
ABCDU4 704
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11
12

100

101

FORMAT (12HIS$5$$385553)
FORMAT (132A1)

FORMAT (1H0,12HERROR IN SY3)
END

Subroutine THCOMP

SUBROUTINE THCOMP (PR,ETA,T,H,S,P,TO0,H0,SO0,PO)
IMPLICIT REAL*8 (A-H,0-Z)

LOGICAL SI

COMMON /COMALL/ COM(1062)

EQUIVALENCE (TOLALL, COM(23)), (SI, COM(1055))
CPG = .25D0

IF (SI) CPG = 1048.0D0

PO = P * PR

TP = T * PR ** 0,.28572D0

po1 I = 1,25

CALL THERMO (PO,HP,TP,SP,X1,0,X2,0)

DELS = SP - S

IF (DABS(DELS) .LE. .05D0 * TOLALL * S) GO TO 2
TP = TP / DEXP(DELS / CPG)

CALL ERROR

HO = H + ((HP - H) / ETA)

CALL THERMO (PO,HO,TO0,S0,X1,0,X2,1)

RETURN

END

Subroutine THERMO

SUBROUTINE THERMO (PX,HX,TX,SX,AMX,L,FAR,K)
IMPLICIT RFAL*8 (A-H,0-Z)

LOGICAL SI

COMMON /COMALL/ COM(1062)

EQUIVALENCE (TOLALL, COM(23)), (SI, COM(1055))
IF (SI) GO TO 100

DEM = 1.S66375D0
CPG = .25D0

PSTD = 1.0DO

GO TO 101

DEM = 8316.41D0
CPG = 1048.0D0
PSTD = 101325.0D0
FX = 0.0D0O

IF (L .EQ. 1) FX = FAR

IF (K .EQ. 1) GO TO 1

CALL PROCOM (FX,TX,CS,2K,ZP,R,PHI,HX)
GO TO 3

TX = HX / CPG

po 2 I = 1,50

CALL PROCOM (FX,TX,CS,AK,CP,P,PHI,H)
DELH = HX - H

IF (DABS(DELH) .LE. .01DO * TOLALL * HX) GO TO 3
TX = TX + DELH / CPG

WRITE (8,4)

23CD"735
ABCDU 795
ABCDU4797
ABCDY4 768

ABCDU 733
ABCDHUROO
ABCDYSO1
ABCDU4802
ABCD4803
ABCDU48OU
ABCD4RBO5
ABCDUSBOS
ABCDUR]7
ABCD4 808
ABCDU3I3
ABCD4E1D
ABCDUR11
ABCDLB12
ABCDUR13
ABCDUB1Y
ABCDLB1S
ABCD4315
ABCDIR1T

ABCDLA13
ABCD4812
ABCDUR2)D
ABCDUB21
ABCDUE2?2
ABCDURB23
ABCDYR2Y
ABCDUB2E
ABCDYB25
ABCDOR27
ABCD4823
ABCDA482C
ABTDUR3D
ABCDURIT
ABCDUR32
ABCDL333
ABCD& 334
ABCDLE3S
R3CDhURZE
ABCDLE37
ABCDUB33
ABCDYSB3I
ABCDURYQ
ABCDURY4 1
ABCDUBY?Z
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SX = PHI - R * DLOG(PX / PSTD)
A¥MX = DEM / R
RETURN

FOEMAT (31HONC CONVERGENCE IN THERMO$$33$383)
END

Subroutine THTURB

SUBROUTINE THTURB (DH,ETA,FAR,H,S,P,TO,H0,S0,P0)
IMPLICIT REAL*8 (2-H,0-2)

LOGICAL ST

COMMON /COMELL/ COM (1062)

EQUIVALENCE (TOLALL, COM(23)), (SI, COM(1055))
DEM = 1.986375D0

IF (SI) DEM = 8316.41D0

HO = H - DH

HOP = H - DH / ETA

PT = P / 2.0D0

po1 I = 1,25

CALL THERMO (PT,HOP,TT,ST,AMWI,1,FPAR,1)

DELS = ST - S

IF (DABS (DELS) .LE. .0SD0 * TOLALL * S) GO TO 2
PT = P * DEXP (DELS * AMWT / DEM + DLOG(PT / P))
CALL ERROR

PO = PT

CALL THERMO (PO,HO,TO0,SO0,X1,1,FAR,1)

RETURN

END

Subroutine WDUCTI

SUERQUTINE WDUCTI

IMPLICIT REAL*8 (A-H,0-2)

LOGICAL sSI

COMMON /COMALL/ COM(10€2)

DIMENSION WORD(2), ERR(9)

DIMENSION Q(9), XZERO(25), AWORD(2)

EQUIVALENCE (WORD (1), coM(1)), (IDES, COM(3)), (IDSHOC,

(TOLALL, COM(23)), (EPR(1), COH (28)), (P1, COM(33)), (WAC,
COM(191)), (WG37, COM(210)), (XZERD(1), COM(210)), (A38,
coM(211)), (AM38, cOM(212)), (V38, COM(213)), (T38, COM(214)),
(H38, COM(215)), (P38, COM(216)), (TS38, COoM(217)),

(PS38, COM(218)), (A39, COM(213)), (AM39, COM(220)),

(V39, COM(221)), (T39, COM(222)), (H39, COM(223)),

(P39, COM(224)), (TS39, COM(225)), (PS39, COM(226)),

(WA32DS, COM(227)), (DPWING, COM(228)), (BPRINT,

coM(229)),

(DPWGDS, COM(235)), (T21, COM(263)), (H21, COM(2€u)),
(¥A32, COM(271)), (PCRLID, COM(305)), (P21, COM(377)),
(P37, COM(393)), (U37, COM(394)), (VWDUCT, COM(404)),

(SI, COM(1055))
DATA AWORD /4HWDUC, UHTI /
WORD(1) = AWORD(1)

conm{1s)),

ABCDUS43
ABCDLBY4Y
ABCD4 U5
ABCDHRYS
ABCDHBUT
ABCD4BUSY
ABCDURYI

ABCD4850
ABCDY4851
ABCDUS852
ABCDUOB53
ABCDU4SSY
ABCDY4RS5
ABCDUBSS
ABCDURS7
ABCDUSBSSE
ABCDU48583
ABCDUBSO
ABCDLB61
ABCDU4BS?2
ABCDUSES3
ABCDU4BEY
ABCDUBSS
ABCDUBES
ABCDUB57
ABCDU4BES
ABCD4BSI

ABCD4870
ABCDUS71
ABCDLB7?2
ABCDUSBT3
ABCDURTY
ABCD4875
ABCDLSBT6
ABCDLBTT
ABCDUPLTS8
ABCDU4879
ABCDUBSD
ABCDU4”81
ABCDLBB2
ABCD48B3
ABCDUSBBY
ABCDY 835
ABCDU488E
ABCDL 887
ABCD4BBS
ABCDL B8
ABCDURID




100

101

18

WORD (2) = AWORD (2)
IF (SI) GO TO 100
RA = .0252D0
AJ = 2.719D0

GO To 101
RA = 286.9D0
AJ = 1.0D0

IF (PCBLID .GT. 0.0D0) GO TO 3
po 1t 1= 1,25
XZERO(I) = C.0DO

RETURN

P32 = p21
H32 = H21
T32 = T21

BPRINT = WA32 / WAC

WA32C = WA32 * DSQRT(T32) / P32
IF (IDES .EQ. 1) WA32DS = WA32C
DPWING = DPWGDS * WA32C / WA32DS
DPWING = DMIN1(1.0D0O,DPWING)

P36 = P32 * (1.0D0 - DPWING)
T36 = T32
H36 = H32

CALL THERMO (P36,H36,T36,536,%X2,1,0.0D0,0)
WG37 = WAa32

T37 = T36

P37 = P36

H37 = H36

S37 = 536

IF (VWDUCT .EQ. 0.0DO0) GO TO 21
Q0(2) = 0.0DO

Q(3) = 0.0D0

WG37P = WG37

H37P = H37

P37DOT = DERIV(22,P37)

CALL THERMO (P37,H37,T737,537,%XX2,1,0.0D0,0)

WG37 = WG37P - P37DOT * VWDUCT / T37 / 1.4D0 / RA
U37 = H37 - RA * AJ * T37

U37DOT = DERIV (23,U37)

H37X = (WG37Pp * H37P - (WG37P - WG37) * U37 - U37DOT * P37 *
1 VWDUCT / T37 / RA) / WG37

ERRW = (H37 - H37X) / H37
DIR = DSQRT (DABS (H37 / H37X))

CALL AFQUIR (Q(1),T37,ERP¥,0.0D0,20.0D0,.1D0*TOLALL,DIR,T37T,IGO)

GO TO (19,21,20), IGO

T37 = T37T
GO TO 18
CALL ERROR

CALL CONVRG (T37,H37,P37,537,0.0D0,WG37,P1,IDES,A38,P38R,I38,H38,
1 p38,s38,TS38,PS38,V38,AM38,ICON)

GO TO (5,5,5.,4), ICON
CALL ERROR

T39 = T38
H39 = H38
P39 = P38

r3Ccdu821
ABCDU4ER2
AECDY4R3I3
ARCDLERPY
ARCD48395
ABCDUBA5K
ABCDuUBGY
ABCD4S298
AECD43233
ABCDUS00
ABCDUSO1
A3CDL4 QD2
3BCD4AN3
ABCDUSQOUL
ABCD4905
ABCDUSOS
ABCDHL 307
ABCDYA0
ABCD49CO
ABCDH31)
ABCDULO91
ABCDL212
ABCDU913
ABCDU491Y
ABCDY915
ABCDH4S15
ABCDUS17
ABCDU4313
ABCDU4919
ABCDU922
ABCDUS21
ABCD4922
ABCDU4923
ABCDU4OI2U
ABCDA4925
ABCD4925
ABCDU4927
ABCDU4928
ABCDU92)3
ABCDU4930C
ABCDA4931
ABCD#C32
ABCDUS33
ABCDU934
ABCD4935
ABCD4935
ABCD#937
ABCD4938
ABCDH493S
ABCDUO9Y4?D
ABCD4SY1
ABCDU4OU42
ABCDUO943
ABCD4OUY
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TS39 = TS38
V39 = v38
AM39 = AM38
A39 = A38
Ps39 = Ps38
IDSHOC = ICON
ERBR(7) =

IF (IDES .EQ.
REPURN

+ 3

(P38R ~ P38) / P38R
1) WRITE (6,6) A38,AM38,A39,AM39

FORMAT (18HOINTER DUCT DESIGN,5X,8H 238=,E15.8,8H  AM38=,
1 E15.8,8H A39=,E15.8,84  AM39=,E15.8)

END

Subroutine ZERO

SUBROUTINE ZERO

IMPLICIT REAL*8 (A-H,0-Z)

COMMON /COMALL/ COM(1062)

EQUIVALENCE (IDES, COM(3)), (JDES, COM(4)), (INIT, COM(7)),
1 (IDBURN, COM(11)), (IAFTBN, COM(12)), (IDSHOC, COM(15)),
2 (INSHOC, COM(16)), (NOZFLT, COM (17))

IDES = 0

JDES = 0

INIT = 0

IDBURN = 0

IAFTBN = 0

IDSHOC = 3

IMSHOC = 3

NOZFLT = 0

COM(33) = 0.0DO

po 5 I = 37,90

IF (I .EQ. 41 .OR. I .EQ. 50 .0R. I .EQ. 51) GO IO 5

IF (I .EQ. 60 .OR. I .EQ. 61 .JR. I .EQ. 75) GO TO 5

COM(I) = 0.0DO

CONTINUE

cCoM(94) = 0.0DO

COM(95) = 0.0D0

COM(99) = 0.0DO

DO6 I = 102,113

IP (I .EQ. 107 .OR. I .EQ. 109 .OR. I .EQ. 110) GO IJ 6

CcoM (I) = 0.0D0 '

CONTINUE

Do 7 I = 131,135

IF (I .EQ. 133) GO TO 7

COM(I) = 0.0D0O

CONTINUE

DO 8 I = 149,160

IF (I .EQ. 155 .OR. I .EQ. 156) GO TO 8

COM(I) = 0.0D0

CONTINUE

DO 9 I = 171,174

cCoM(I) = 0.0DO

ABCDYI94S
ABCDY 946
ARCDUOLT
ABCD# 9138
ABCDU943
ABCDY4950
ABCD4951
ABCD4S52
ABRCDU953
ABRCD4 95U
ABCDY4955
ABCDU4SS55
ARCDU9S57
ABCD4358

ABCDU4 359
ABCDY95D
ABCD4961
ARCDH952
ABCDU963
ABCD4 6L
ABCDU965
ABCDY4 966
ABCDU9E7
ABCDY4 963
ABCD4969
ABCDU4S70
ABCDUS71
ABCDU4972
ABCDY4973
ABCDY4 974
ABCD4375
ABCDU975
ABCD4977
ABCD4 973
ABCDUS79
ABCDU 980
ABCDU4981
ABCD4 9832
ABCD4983
ABCDU4O8BY
ABCD4985
ABCDH4986
ABCD4987
ABCDU4 988
ABCD4983
ABCDU4990
ABCDY4991
ABCDU4992
ABCDU4993
ABCD4994
ABCDY995



= |

10

11

12

13
1"

15

15

17

DO 10 I =
IF (I .EQ.
1 Go TOo 10
CoM(I) = 0
CONTINUE
po 11 I
IF (I .EQ.
coM(I) = 0O
CONTINUE
DO 12 I =
COM(I) = O
Do 13 I =
IF (I .EQ.
COM(I) = O
CONTINUE
DO 14 I =
COM(I) = O
DO 15 I =
IF ((I .GE
coM(I) = 0
CONTINUE
DO 16 I
IF (I .EQ.
IP (I .EQ.
IF (I .EQ.
CoM(I) = 0
CONTINUE
DO 17 I =
IF (I .EQ.
COM(I) = O
CONTINUE
CALL SYG (
RETURN

END

#

190,209
192 .OR.

-0D0

242,258
244)
.0D0

263,265
.0D0

270,274

271)
OODO

290,293
.0D0
306,320
« 309 .AND.
.0D0

321,355
325 .OR.
329 .OR.
342 (OR. I
.0D0

358,371
366 .OR. I
.0DO

1)

(I .GE.

GO To 11

GO TO 13

I .LE.

- EQ.
- EQ.
« EQ.

«EQa

195

326
336
34¢

367

312)

Ad AND’

.« OR.
- OR.
«0ORe

«OR.

- OR.

el ]

I

I .LE. 197) .OBR.
I .EQ. 314) G2
.EQ. 328) GO T)
.EQ. 341) GO TO
.EQ. 347) GO T2
.EQ. 370) GO TD

I .EQ.

TO 15

16

16

17

ABCD4995
199) ABCDU4 997
ABCD4 998
ABCD4933
ABCD5000
ABCD5001
ABCDS5002
ABCD5003
ABCDS5004
ABCD5005
ABCD5006
ABCD5007
ABCDS5008
ABCD5009
ABCDS5010
ABCD5011
ABCD5012
ABCD5013
ABCDS5014
ABCD5015
ABCD5016
ABCD5017
ABCD5013
ABCD5019
ABCD5029
ABCD5021
ABCD5022
ABCD5023
ABCD50248
ABCD5025
ABCD5025
ABCD5027
ABCDS5024
ABCD5029
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PCNF
CNF

ZF

PRF
WAFC
WAF
PCNC
CNC

ZC

PRC
WACC
WAC

T2

P2

T21
P21

T3

P3
PCBLF
BLF
PCBLC
BLC
PCBLOB
BLOB
PCBLHP
BLHP
PCBLLP
BLLP
Th

o4

WA3
WFB
WGHh
FARY
ETAB
DPCOM
TFFHP
CNHP
DHTCHP
DHTC
T5

P5
TFFLP
CNLP
DHTCLP
DHTF
155
P55
PCBLDU
BLDU
T24
P24
T25
P25
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APPENDIX C

SAMPLE CASE INPUT AND OUTPUT




WAD
WFD
WG24
FAR24
ETAD
pPDUC
ETAF
ETAC
ETATHP
ETATLP
AMS55
AM25
T6
P6
PS6
AM6
V6
WG6
T7
WNFA
WG7
FAR7
ETAA
DPAFT
PS8
AMS
vs
PS9
AMS
V3
PS28
AM28
v2s
PS29
AM2S
V29
BYPASS
HPEXT
WFT
WGT
VA
FRD
CVMNOZ
VIM
CVDNOZ
V3D
FGYM
FGP
THEEND
5DATAIN ISPOOL=2,FAK=.TRUE.,SI=.FALSE.,IDES=1,MODE=0,IDUMP=1,IANTP=0,
IGASMX=2,ITRYS=200, FXFN2M=, FALSE,.,, FX412CP=,FALSE. ,AFTFAN=.FALSE.,
DUMSPL=.TRUE.,TOLALL=.0001 ,DELFG=1.0,DFLFN=1.0,DELSFC=1.0,PCNFDS=102.31,
PRFDS=2.396, ETAFDS=.8499,PCNCDS=98,73,PRCDS=8.462,ETACDS=.3136, TEDS=2RB32,04,
ETABDS=1.00,DPCODS=.0561,ETHPDS=.8713,ETLPDS=.9021,DPDUDS=.0584,T70S=3583.56,
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ETAADS=.8430, DPAFDS=.0599,AM55=.283,AM6=.243,CYNNOZ=. 9494, WAFCDS=221.573,
WACCDS=54.988,HPEXT=0.0,AM=0.0,ALTP=0.0, PCBLF=0.0,PCBLC=.16,PCBLDU=, 208,
PCBLOB=0.0,PCBLHP=.726,PCBLLP=.066,AM23=.170,ZFDS=.8333,2CDS=.8143,
FFHPDS=52.0,CNHPDS=2.0,TFLPDS=130.0, CNLPDS=2.3,XNHPDS=10070.,XNLPDS=9651.,
PMIHP=3.80,PAILP=4.50,VFAN=2.31,VCOMP=1.65,VCOMB=1.65,VHPIRB=.505,
VLPTRB=.618,VAFTBN=49.77, VFDUCT=10.08 EEND

SDATAIN MODE=2,WFB=2.75,ITRAN=0,IDES=0 &END

EDATAIN MODE=2,WFB=2.75,ITRAN=1,IAMTRX=1 &END
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PAN DESISN PRFCF= J.87523876E N1 ETAPCF= 0.98548257F 00 WAPCF= ),35527831E 20 T20S= 7.51855992E 03

MIDDLE SPOOL DESIGN PPICF= ).1000)000E 01 ETAICF= D,10000000E 01 WAICP= 0.1000N0008 01 T22DS= ).7U2354)2F )3
COMPRESSJOR DESIGN PFCCF= 0.10322125E 01 ETACCF= 0,959517358 00 WACCPF= ),561737718 53 T21pS= 0,70236402E 03
CIMBUSTOR DESIGN WA3CDS= 0.11338571E 02 ETABCP= 0.100000Nn0F Q1

H.P. TURBINE DESTGN CNHPCF= 0.91021469E 00 TFHPCF= 0.27621708E 01 ETHPCP= ),958111148 3 DHHPZF= 1.12233288E )1
L.P. TURBINE DESIGN CNLPCF= 3.10310318E 01 TFLPCF= 0.17567180E 01 EPLPCF= ), 10225143E 01 DHLPCPF= 0.286223258 01

TURBINE/DUCT AREA DESIGN AS5= 0.81817585E 01 AM55= 0,23335837F 00 A25= 0.1285553%8 01 AM25= 97.333532348E 30
APTERBURNER DESIGN AFREA A6 6.943

NJZZLE DESIGN A8= 1.29337834F 01 AMB= 0.10000000F 01 A9= 0.2948788%% 21 AM9= 0.100020008 D1
OUTPOT A%= 0.000 ALTP= 0. T4= 2892.04 ETAR= 1.230)

MIDDLE SPOOL IS DUNMMY

ND AIRFLOW INTO WING
THE OUTPOT IS IN ENGLISH UNITS

PCNF CNP (44 PRF WAPZ HAFP
0.10231CE 03 0.1023108 01 2.8333Nn0E 0O 0.299600FP 01 0.2215738 03 0.2215735 03

PCNC ZNC 2c PRC WACC WAC
0.113165E 23 N.337300F 20 N.812300E 00 0.8462008 01 0.5498308 N2 0.137543% 03

T2 02 T21 P21 T3 P3
0.5186708 03 J.100CN0E 01 0.742364E 23 0.299600F 01 7.1457338 08 3.2535228 02
PCBLF BLF PCBLZ BLC PCBLIB BLJB
0.003300 0.007000 0.160000F "0 0.220237e 02 0.0732200 5.2310
PCBLHP SLHP PCBLLP BLLP TY ngy
0.725000E 20 7.159892E 02 N.660000E-21 0.145357e 01 2.23927%8 0% 7.2332337 22
WA3 WFB 54 FARSY ETARB DPCOM
0.1156248 03 0.274976E 01 C.118374E 03 0.237819E-)1 7.103200E 01 0.561700E-01
TFFiIpP CNHP DHTCHP DHTCT TS P35
0.500000F 02 0.200000E 01 0.734297E-01 3.212362E 33 0.210342E 04 0.56R53%F 01
TFFLP CNLP DHTCLP DHTF 55 P55
0.1300008 03 J.230000E 01 3.422388E-01 0.883511E 02 0.1733038 24 J.28°704%F 01
PCBLDUO 3LDU T24 n24 r28 p25
0.20800CE 0O 7.458793% 01 0.731926F 03 0.2321032 01 7.7819258 03 0.232123F 01
WAD W=D w324 FAR20 ETAD benyc
0.RR5N53E (2 0.00n00C N.835353E 02 ¢.00303) 0.000200 0.534003E-01
ETAF ETAC ETATHP ETATLP AMSS AM23

0.8499008 00 0.B813f00% 0N C.R71300F 39 0.932100F 22 2.233353€ 0C n,3R3683F 0N

T6 pP6 PS€ AME vs H3F
0.15138°% C4 2.271359E M n.250328% 31 0.243000E ) 2,437208E 03 0,228322F 03



48

T7
0.1413498 0OU

PS8
0.137620E 01

PS28
0.0n2700

BYPASS
0.609702% 00

CYHMNCZ
0.94S40C0E 0O

MATIN SONTCZ CONVERGENT NO77ZLE

CONVERGED AFTER

1 LOOPS

WFA
c.000000

AM8
N.100000% 01

A428
0.000000

HOEXT
n.000000

van
0.15R944E 04

PG= 13429.44

HG7
0.22u322E 03

v3
7.167416F 04

v28
0.700020

WFT
0.278975%F 01

CVDNDZ
0.000030

FART
0.128102E-01

PsS9
0.137620F ™M

P529
0.0030))

3T

0.224322E )3

vip
0.00373)

FN= 13029.44

ETAA
n.N13"00

A9
0.1003008 21

aM2?
n,.003000

VA
2.003n000

F3H
7.110318€ 05

DOAFY
2.%39300E-01

L&)
0. 1573158 )14

vae
0.000000

FRD
0.000300

F3P
0.234760%F 04

SPC= 2.73712
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COMNON

0.100000E 01
).258881E 01
0.161871E 01

0.000000

0.000000

0.000000
0.1873118 03
0.274376E 01
J.7T42964E 03
0.134363E 03
0.437208E 03
J.475235E 01

0.000000
0.102310E 03

0.000000
0.360485E 03
0.210342E 04
0.208000E 00
0.100000E 01
D.278376E 01
0.220237e 02
0.7423964E 03
0.4580938 01

0. 000000

0.000000
0.134294E 05
0.943400E 00
0.128102E-01
0.138294E 05
0.160218E 01
0.4570672 03
0.175671E 01
0.1300008 03
0.846200E 01

0.000000
0.159892R 02
0.885053% 02
0.310795E 04
0.139714E 04
. 177798E 01
0.255105E 01
0.100000E 01

0.000000
0.299600E 01
0.566534E 01

0.000000

0.518756E-84

0.833300E 00

0.177859E 03
0.781926E 03
0.000000
0.000000
0.000000
0.584000E-01
0.161871E 01
0.000000
0.128557F 01
0.208927E-01
0.276217E 01
0.985483F 00
0.549880F 02
0.000000
0.750000E 00
0.1156248E 03
0.547064E8 03
0.000000
0.100000% 01
0.833300E 00
0.111699E 04
0.299600E 01
0.000000
0.002000
0.000000
0.000000
0.000000
0.000000
0.138294E 05
0.137648E 03
0.184187E 01
0.103103E 01
0.230000E 01
0.813600E 00
0.987300E 00
0.000000
0.000000
0.228322E 03
0.243842E 01
0.294873%E 01
0.350636E 03
0.141349E 04
0.843000E 00
0.000000
0.000000
0.000000

0.04Q0000

0.172313€ 03

0.170000E 00
0.187311E 03

2.000000

0.000000

0.000000
0.533030E-01
0.1358178 03
0.518670E 03
0.517369E 03
0.283359E 00
0.9132158 00
0.3562788 00
0.233600E8 01
0.571429% 00
0.100000E 03
0.113B85E 02
0.133705% 01
0.2)J000E 01
0.132300%= 01
0.100000E 01

3.000000
0.177859E 03

0.000000

3.000000

0.000000

3.070000

0.000000

3.000000

1.000000
0.742964E 03
0.130000E 03
0.102251E 01
0.9)2100E nO
0.137648% 03
0.8862008 01
0.1453578 01
0.1358178 03
0. 1413498 08
0.455903E 03

0.000000
0.177793%8 01
0.255105E 01
0.599000E-01
0.253522E 02
0.268794E 01

0.000000

J.571429E )0

0.8260588 03
0.161871E 01

0.000000

0.000000

0.000000
0.100000E 01
0.206645E-01
0.518670E 03
0.289204E D4
0.567671E 03
0.968111E 00
0.102310E 03
0.849900E 00
0.100000E 01

0.000000
0.289204E 04
0.1343638 03
0.8713008 20
0.1500008 21
0.100000E 01

0.000020
0.1602188 01

0.000000

0.200010

0.000000
0.100000E 21

0.000000
0.110818% 05
0. 100000E 01
0.742964E )3
0.2300008 01
0.286223E 01
0.422888E-01
0.814300E 00
0.8136008 00

0.000000
0.206645R-01
0.271359E 0t
0.259681E 00
0.1200598 0%
0.294879R 01
0.350636R 03
0.11893928 05
0.259932¢ )23
0.3344818 03

0.000000

0.700000E 01

0.791926E 03
0.383683E 00

0.000000

0.000000

0.000000
0.885053E 02
J.178909E& 04
0.100000E 01
J.289204E O4
2.4181758 01
0.122383E 01
0.299600E 01
0.814300E 90

0.000000
0.518670E 03
0.784627E 03
0.208327E-01
J.734297E-01
0.1000008 D1
0.100000E 01
0.561000E-01
3.360485E 03

0.003000

0.000000

0.000000
0.100000E 01
0.158944E Ou

0.000000
0.100000E 01
J.13765u8% 03
3.9021008 00

0.003000
0.889511E 02
0.118165E 03

0.002200
3.458093E 01
0.398790E 02
J.350635E 03
0.694294E 01
0.1376208 0

0.000000
0.177798E 01

0.003000
0.233299E N2
0.2551058 01

0.514756E~84

0.8%3300E 090

0.2996008 01
J.7312268 03

0.000007

0.000020
3.539702E 09

0.000000
J.2587348 01
0.123313E 03
0.210382E 04
3.254388% 01
0.500000E 32
0.849900E 20
3.10231)8 01

0.007022
3.1239188 23
J.183459g 71
0.726000E 20
1.212352E 03
0.137648E 03
3.100003®= 01
0.561003E-01
0.2215738 03

0.002090

0.000022

0.003200
0.1000008 01
0.274375€ N1
3.2387608 08
0.1000008 01
J.152547E )1

0.0002")

0.009272
3. 1292218 01
0.1600008 20
3.53%9388028 02

0.000200
0.2420008 J)
J,2283228 03
0.3583608 D8
7. 1574158 2%
0.1200598 0%
0.843000F 29
2.937335% 0t
0.58F4678 23
).2537858 03

0.118155@ 23

3.137312F 13
3.282103E 01

0.7313300

0.3720032
0.8350538 02
J3.7319258 02
0.4570678 23
J.153133F 01
0.5%705%8 23
J.1773758 01
0.2020208 21
0.221573€ 03
0.221573E 03

2.202270
0.159103% 21
7.1183748 03

0.300030
0.5000008 02
0.543830B 32
0.137648% 03
0.1023123F )2
3.137638E 12

0.000000C

2.2000%2

£.302000

0.090227
0.224322E 33
0.1108188 05
0.7429548 13

0.307030

0.003020

7.2%239)
0.950%17% 0On
0.987320E8 22
0.1376488 23
D.221573% 33
2.243330% 1)
0.1241322-01
J.14134%9E 28
n.1000092 01
0.1376208 01
0.593)3))3E-21
0.299600% 01
0.556534%E 01
0.282123% 01

J.233208E O

0.161458E 0
0.1873112 ©
0.00090
3.00000
0.00000
0.232103R
D.184187E
N, 160218E
3.183735%
r.2608288
0.371300€
0.00001
0.833300E ©
3.02070
N.14F7538 0
3.2373138-0
0.553)00E-1
0,1000008 0
0.13320)E N
n.274976% ©
3.132)00E 0
2.73711
0.00000
0.03290
0.00000
0.01020
3.737123E 1
0.23u760E 0
79.1773538 0
0.1789N9E 0
2.23030
7.03730
N.561738E 0
0.03792
n.00000
J.54933)%¢% 0
3.5914234% 0
0.4€635608-0
D.25)536E ©
0,1813498 0
0.167416E 0
3.03339
Ne 1269527 0
J.49238)% D
0.1337358 ¢C

L@ DIDOODL




44"

aureur
MIDDLE SPOOL IS DUMMY

NO AIRFLOW INTO WING

AM= 0.2293

THE JUTPUT IS IN ENGLISH UNITS

PCNF
0. 102310 N3

PCHC
N.113165E 33

T2
0.518670E 03

PCBL?
7.003302

PCBLHP
0.7252000E 20

Wa3
0.115628E 03

TFFPHP
0.5000018 02

TFFLP
0.130000F 03

PCBLDU
0.209200E 00

WAD
0.884967E 02

ETAF
0.R498%1E 00

T6
0. 141358F 04

7
0. 1413588 08

Pss
0.137€622E 01

Ps28
0.000000

RYPASS
0.503619E 02

CVMNOZ
0.943u400E 09

MAIN SONIC CONVERGENT NOZZL®E

CONVERGED AFTER

44 LOOPS

ALTP=

CNF
7.102310E 01

CNC

0.387289E 00

P2
J.100090E 01

BLF
0.0920000

RLHP
7.159897E 02

WFB
7.275000E 01

CY¥HP
N.199997 01

CNLP
2.229996% 01

®LDU
J.458108€E 01

WFD
0.000000

ETAC
0.813597E 00

PR
0.2713638 01

HFA
0.000000

AM8
0.100000E 01

AM28
0.000000

HPEXT
0.00000¢C

van
0.158949¢8 Nt

FG= 13429.68

0. T4= 2892.13
Zp PRF
0.873378F 0N 0.299619% 01
2c PRC
0.814304E N0 0.846187E 01
T21 P21
J.742381E 03 0.2996198 01
PCBLC BLC
0. 1R0NNO0E 00 0.22n2u4r 02
PCBLLP BLLP
0.F5NY00E-01 D.145361F O
w3l FAFRG
0.118378F 03 0.2378312-01
DHTCHP DHTC
0.734333E-01 3.212365% )3
DHTCLP DHTF
0.422381E-01 0.889531FE 02
T2 P24
0.781349EF 03 0.2821238 0
w324 FAR2Y
0.88U4357E 32 0.00292)
ETATHP ETATLP
n,B71232Eg 30 0.932100E M)
PS6 AME
0.2603148 01 0.243014E 032
HG7 FART
M.224318E 03 ).120 115821
V3 pso@
0.167421E o4 0.137622EF 21
V28 PS29
0.000000 0.0000092
WFT WGT
0.2753008 01 0.2243188 03
CVDNOZ vJDo
0.39%0070 0.000099

PN= 13829,53

WAFZ
0.221353E 03

WACC
0.5498708 02

T3
0.1857558 04

PCBLOB
0.797230

T4
0.239213E 04

ETAB
7.1032008 01

75
0.213350E 04

T55
0.1793158 Ju

25
0.791343e 03

ETAD
0.000300

AN5S
0.2832378 00

Vs
2.4372438 93

ETAA
3.703300

AM9
J3.103200E D1

AM29
0.003200

VA
0.003300

FGHM
0.110323€ 15

BTAR= 1.033)

WAF
0.2215538 013

qac
0.137553E 03

p3
1.253533F 02

BLIB
2.03333)

by
0.23931)E 02

DPCON
0.5609958-01

P53
D.5666682 01

P55
0.2583138 21

p2S
0.232123¢ 01

DPDOC
0.583915e-01

AN25
0. 3335638 00

36
0.2248318% 03

DPAPT
N.5989938-01

v3
0.1674218 04

V23
0.720232)

FRD
0.03330)

?3P
0.2347728 08

SPC= 3.73717



sv1

THIS IS THE S.S. SOLUTION
1.1899E 04 9.87408 03 1.3374E 02 2.5511E 00
4.0296E 02 3.3450E 02 5.66678 00 2.3931E 01
1 THE VARIABLE IS NO. 1
THIS COLUMN OF X =
-7.3171E 01 -3,0739% 01 -3.27668-01 -1.1803E-02
2.2132p 00 2.1314E 00 -4.8520E-02 -2.2784E-01
ISIN = 1
THE NKEXT TRY FOR PVRDOT = 2.1000E-02
1 THE VARIABLE IS NO. 1

THIS COLUMN OF X =

-7.6818E 01 -3,2274E 01

2.3252E 00 2.2392E 00

IGIN = 2

THE NEXT TRY FOR PVRDOT
1 THE VARIABLE IS

THIS COLUMN OF X =

-2.33758 01 -9,7902E 00
€.9470E-01 6.6957E-01
IGIN = 3

THE NEXT TRY FOR PVRDOT
1 THE VARIABLE IS
THIS COLIUMN OF X =
-2.3825E 01 -1.0018E 01
7.1127E-01 6.8585E-01
TI5IN = 0
THE NEXT TRY FOR PVRDOT
2 THE VARIABLE IS
THIS COLUMN OF X =
1.8732E 01 -2,0343% 01
~4.9248E-01 -5.1828E-01
ISIN = 1
THE NEXT TRY FOR PVRDOT
2 THE VARIABLE IS
THIS COLUMN OF X =
1.9717E 01 -2.1369E 01
-5.1662E-"1 -5.4375E-01
IGIN = 2
THE NEXT TRY FOR PVRDOT
2 THE VARIABLE IS
THIS COLUMN OF X =

1.8239E 01 -1.97u48% 01
-4.7846E-01 -5.0350E-01
I5IN = 0

THE NFXT TRY FOR PVRDOT

~3.4394g-01 -1.2393E-02

-5.0937E-02 -2.3920E-01
= 6.4675R-03

NO. 1

-1.04R4g-01 -3,.81138-03

-1.55978-02 -7.2505E-02

= 6.59U6E-03.

NO. 1

-1.7736E-01 -3.8733E-03
-1.5908E-02 -7.4196%-02
= 6.5346E-)1

NO, 3

-1.5850E-01 -7,.1504E-03

2.53808 02
2.9962R8 00

4,1193E-01
-8.92292-03

4.32838-01
-9.3700E-03

1.2784E-01
-2.8018E-03

1.313%E-01
-2.9137E-03

7.8330%-02

-8.0747E-03 1.3228E-02 -1.2515E-02
= 2,1000E-02

NO. 3

-1.768RE-01 -7.5106E-03 B8.25108-02
-8.4892E-03 1.3855E-02 -1.3142E-02
= 1.3419E-32

NO. 3

-1.6362R-01 -5,9412E-03 7.59082-02
-7.9342E-03 1.2364%-02 -1.2151E-02
= 1.9419Eg-02

2.5994E 02
2.6881E 00

-6.2668%-01

~1.36198-02

-6.5794E-01
~1.42998-02

-2.00258-01
-4.40828~03

-2,0512E-01
-4.47018-03

-1.%911e-01
-6.3936E-03

-1.9345Eg-01
-6,71678-03

~1.83688-01
-6.2061E-03

2.535382 01

-2.8549P-01

~2.57728-01

-7.8123E-02

-7.3%458-02

1.39758-02

1.46388-02

1.35318-02

5.8549E 92

3.1032E 00

3.23558 00

9.91331E-21

1.02338 00

~%.7353E-71

-%4.95548~01

2.32128 00 1.26958 22

=3.32258-23 =2.)577E-1

~-9.78338-23 ~2.1706E~01

=2.2735E-33 -53.5122E-)2

~3.,2451E-03 -5.7770E-02

=1.3313R-32 -2.3541E-31

-1.14578-32 -2.4718E-11

~4.5%17B-31 -1.75328-32 -2.2353F-01




iad!

3 THE VARIABLE IS
THIS COLUMN OP X =
0.0000 -1.8190B-12
1.1369E-13 1.7053E-13
ISIN = 1
THE NEXT TRY FOR PVRDOT
3 THE VARIABLE IS
THIS COLOMN OF X =
0.0000 -1.8190E-12
1.1369E-13 1,7053E-13
ISIN = 2
THE NEXT TRY FOR PVRDOT
3 THE VARIABLE IS
THIS COLUMN OF X =
0,0000 -1.8190E-12
1.1369E-13 1.7053E-13
ISIN = 3
THE NEXT TRY FOR PVRDNT
3 THE VARIABLE IS
THIS COLUMN OF X =

4.0185e-01 3.9502E-01
3.1548E-03 -7.,5327€E-04
IGIN = 4

THE NEXT TRY FOR PVRDOT
3 THE VARIABLE IS
TAIS COLUMN OF X =

5.3336E-01 S.4212E-01
6.1796F-03 6.3404E-06
GIN = 5

THE NEXT TRY FOR PVRDOT
3 THE VARIABLE IS
THIS COLUMN 0OF X =

£.3630E-01 S5.4541E-01
£.29722-03 2,.3337E-05
ISIN = 0

THE NEXT TRY FOR PVRDOT
b4 THE VARIABLE IS
PHIS COLUMN OF X =
4.,8569E-01 5.856UE-01
-7.1111E-03 -1.4450E-02
IGIN = 1
THE NEXT TRY FOR PVRDOT
4 THE VARIABLE TS
THIS COLUMN OF X =

5.0691E-01 6.1446E-01
-7.2232%~03 -1.5036E-02
IGIN = 2

THE NEXT TRY FOR PVRDOT

NO. 21

-3.13388-02 -3.0195E-06
-2,5645R~-15 -1.0558E-14

= 3.0010E-02
NO. 21

-4,7036E-02 -34.5319E-06
-2.66458-15 -1.06588-14

= 6.0020E-32
NO. 21

-9.4153R-02 -9.0710E-06
-2.6645E-15 -1.0558E-14

= 1.2004E-01

NO. 21

-1.9268E-21 -2.1176E-04
-6.1424E-05 -1.8479E-04
= 1.6561E-21

NO. 21

-2.6585E-01 -3.0777E-04
-9.8338E-05 -3.4170E-04
= 1.6662E-01

NO. 21

-2.56748E-C1 -3.0397E-04
-9.9260E-05 -?.45217-04
= 1.6562E-)1

NO. 18

-8.0090%-04 -3.0337E-Ct
-1.4293E-04  5.8181E-04
= 2,1000E-02

NO. 18

-8.0u422»-04 -3.206€E-04
-1.51858-04 5.6260R-04

= 2.9749E-71

-1,27918-02
-1.1102R-15

-1.9198E-02
-1.11028-15

-3.8429g-02
-1.1102E-15

-9.3158%-02
-2.7794E-04

-1.28295-01
-3.8156E-0%

~1.2907E-01
-3.8387%-04

-4, 2u44E-03
-1.0061E-04

-4.4055€E-03
-1.0532%-04

~5.5843F-14 -1.0553E-14
7.5895F-15

-5.6843E-14 -1,05588-14
7.5495E-15

-5.58438-14 -1,0558€-14
7.54895E-15

~-5.5546E-07 -2.0u481E-04
-1.4439P-04

4,2093E-08 ~3,7640FE-CY
-2.2155E-04

4.3032E-04 -3.80232-C4
-2.2332%-04

4.5776E-03 6.9387E-0g
-3.3633F-04

4.8F198-03 7.1635R-C4
-3.560SE-04

5.6343”P-14 -3.,3B8188-15

5.53438-14 -8,3818E-15

5.53338-14 -3,.33138-15

6.45518-33 -3.2376E-08

1.1353E-02 -%.3%53)E-2%

1.11558-02 -14,3802E-20

-3.9355E-03 -1.4725E-)%

-3.9153E-03 -1.5436E~08

-3.1274E-14

-3.1974E-18

-3, 1378E-14

-2.2589E-03

=2.7373E-23

-2.8095E-03

5.3672E-04

7.1102E~08



SP1

L} THE VARIABLE IS
THIS COLUMN OF X =
7.4853E 00 7.6371E 00

~65.7TM40B~-02 -1.7158E~01
IGIN = 3
THE NEXT TRY POR PVRDOT

L} THE VARIABLE IS
THIS COLUMN OF X =
8.1189E 00 8.2885E 00

-7.2774E-02 -1.85888-01
IGIN = 0
THE NEXT TRY FOR PVRDOT

5 THE VARIABLE IS

THIS COLUMN OF X =

2.9768E-01 3.3295E-01
-6.0843E-03 -9.3137E-03
IGIN = 1

THE NEXT TRY FOR PVRDOT
5 THE VARIABLE IS
THIS COLUMN OF X =

3.0968E-01 3.89158-01
-5.1501E-03 -9.6429E-03
ISIN = 2

THE NEXT TRY FOR PVRDOT
5 THE VARIABLE IS
THIS COLUMN OF X =
2.06732 00 2.0963E 00
-2.21288-02 -4.9459E-02
IGIN = 3
THE NEXT TRY FOR PVRDOT
S THE VARIABLE IS
THIS COLUMN OF X =
2.0806E 00 2.1100E 00
-2.2217E-02 -4.9741E-02
ISIN = 0
THE NEXT TRY FOR PVRDOT
6 THE VARIABLE IS
THIS COLUNN OF X =
1.8806E 00 6.6172E-01
-7.2034E-02 -6.7192E-02
IGIN = 1
THE SEXT TRY FOR PYRDOT
6 THE VARIABLE IS
THIS COLUMN OF X =
1.9285E 00 6.9367E-01
~7.5376E-02 -7.0390E-02
IsIe = 2
THE NEXT TRY POR PVRDOT

NO. 18

-1.11748-02 -3.6989E-03 -2.9016E-02

-3.23518-03

= 3.2296E-01
¥O. 18

6.45458-03 -2,10538-03

-1.2105g-02 -5,1039E-03 -3.1395E-02

-3.5186E-03

= 3.2296E-21
NO. 19

-7.7204E-04 -1,51718-04 -7.1944E~02

-6.4744E-05

= 2.1000E-02
NO. 19

4.5986E-08 -5,9319E-05

~-7.7388E-04 -1.5183E-04 -7.5492%-02

-6.9755E-05

= 1.4280E-01
NO. 19

3.7114E-04 -6.1965E-05

-3.3099E-03 -1.2882E-03 -5.04148E-01

~-8.23448-08

= 1.4378E-01
No. 19

1.9540E-03 -5.61058-0%

-3.3360E-03 -1.2569E-03 -5.0760FP-01

-8.2946E-08
= 1.4378E-01
NO. 9

5.1501E-03

1.10578-03 5.8496E-03
= 2.1000E-02

NO. 9

5.8355E-03

1.1584E-03 5.0755E-03
= 6.9021E-21

1.9523E-03 -5.6526E-04

2.4570E-08 -1,9900E-02

1.2u92E-04

2.5570B-04 -2.0B46E-02

1.3121e-08

7.5791E-02
~5.1110E-03

7.6857B-02

6.97458-03 -2.2865E-03 -5.5522E-03

2.0837E-03
=1.5342E-04

2. 2435g-0?
~1.7850E-04

1.8802E-02
~1.3538E-03

1.2923e-92
-1.3631E-03

-1.5722g-02
2.9665F-04

-1.6875g-02
3.0843E-04

7.00362-03

7.5681E-03

4.9677E-04

5.0940%7-048

2.11958-03

2.12868-03

5.1967E-03

5.4287¢-03

-1.1335r-02 -2,7414E-23

-1.24358-02 -2,3770E-03

~4.53338-33 -°2,37)58-)5

-3.,6095E-03 -B,3095E-D5

=7.54458-03 -7.3375€-)4%

-7.6311E-03 ~7.39168-08

-1.0335E-01

1.3953E~33%

-1.0376R-01 1.3660E-D1

3.3188E-93

9.6040F-)3

-1.5115F-35

2, FATSF=-N5

2,2711E-23

2.0738E-23

3.57538-13

3.79218~-N3




971

6 THE VARIABLE IS
THIS COLUNMN OF X =
5.8457E 01 2.2088E 01

-2.4174E 00 -2,2798E 00
IGIN = 3
THE NEXT TRY FOR PVRDOT

6 THE VARIABLE IS

THIS COLUMN OF X =

6.5490E 01 2.2481E 01
-2.4557E 00 -2.3159E 00
ISIN = 0

THE NEXT TRY FOR PVRDOT
7 THE VARIABLE IS
THES COLUMN OF X =
-7.0658E~01 -6,1130E-01
4.7439E-02 4.5692E-02
IGIN = 1
THE NEXT TRY FOR PVRDOT
7 THE VARIABLE IS
THIS COLMMN OF X =
-7.8542E-01 -6.4280E~01
3.,9915E-02 4.8059E-02
IGIN = 2
THR NEXT TRY FOR PVRDOT
7 ITHE VARIABLE IS
THIS COLUMN OF X =
-3.3066E 30 -7.1411E 00
5.84264E~01 5.2051E-01
ISIN = 3
THE NEXT TRY FOR PVRDOT
7 THE VARIABLE IS
THIS COLUMN OF X =
-9,5012E 20 -6.5277E 00
4.9582E-01 4.7563E-01
IGIN = 0
THE NEXT TRY FOR PVRDOT
8 THE VARIABLE IS
THIS COLTIMN OF X =
-3.5174E-01 -2,9757E-01
-1.8618E-02 -1.3897E-02
ISIN = 1
THE NEXT TRY FOR PVRDOT
8 THE VARIABLE IS
THLIS COLUMN OF X =
-3.8259@-01 -3.129682-01
-1,9495=2-02 -1.4561E-02
IGIN = 2
THE NEXT TRY FOR PVRDOT

NO. 9
1.9765E-01
3.5173E-02 1.6368E-01
= 7.0137E-01
NO. 9
2.0082E-01 5.3177E-03
3.5735E-02 1.6625E-01
= 7.01378-31
NO. C]

-6.3327E-03 -2.3381E-04
-9.8905E-04 -8.3726E-03

= 2. 1000E-02
NO. 8

-6.6548E-03 -2.U621E-04
-1.04038-03 -%.6004E-03

= 2.0730E-D1
NO. 8

-7.25778-02 -2.7067E-03
-1.1326E-02 -3.1507€-02

= 1.8961E-01
NO. 8

-5.63558-02 -2.%745E-03
-1.0356E-02 -3.7077E-02

= 1.8361E-)1
NO. M

-4,43848-03 -1.5810E-04
-4.71238-04 -2.1765E-03

= 2. 1000E-02
¥o. M

-4,56028-33 -1.5704F-0U4
-4.9692E-04 -2,2912E-03

= 8.9727F-)1

3.8307E-03

-6.6760E-01
3.89148-03

1.0078E-02
-1.7809%-0%

1.05958-02
-1.8691F-08

1.1190E-01
-1.,99498-03

1.0225E-01
-1.8240E-03

-1.3499E-02
-1.7268E~04

-1.4181E-02
-1.8106E-04

5.3098E-03 -6.5715E-01 -5.1162E-01

8.1555%8-03

-5.1973e-01
8.2852E-03

-6.7603E-03
-2.6809E-04

-7.1215E-03
-2.32478-08

-8.9587E-02
-3.13258-03

-8.1838E-02
-2.8636E-03

-9,.,3136E-03
-1.7090E-04

-9.7882E-03
-1.8089R-04

1.75378-01

1.78178-01

-8.71358-03

~4.95918-03

-5.5507®8-02

-5.07338-02

-2.23928-03

-2.42058-03

-3.4953¢2 00 5.33%9E-)3 1.4168E-01

-3.55138 00

B.4647E-D3

1.4395E-01

7.1350B-02 -1.3711E-)% -N.J43SE-03

7.5125€8-02 -1.,36428-04 -4,.3555E~03

7.82558-21 -2,33458-33 -%4,.6758E-02

7.1538E-21 -1.,3152E~03 -4,2756E-02

-2.7042%-02 -1.7015E-)% -3,6535E~03

-2.83498-02 -1,78438-34 -3,8476E-03



I54

8 THE VARIABLE IS
THIS COLUMN OF X =
-1.92148 01 -1.4495E 01
~7.1142E-01 -5,3335E-01
ISIN = 3
THE NEXT TRY POR PVRDOT
8 THE VARIABLE IS
THIS COLUMN OF X =
-2.0750E 01 -1.5653E 01
-7.6735B-01 -5,7521E-01
IGIN = 0
THE NEXT TRY FOR PVRDOT
9 THE VARIABLE IS
THIS COLUMN OF X =
0.0000 -1,8190E-12
1.13698-13 1,7053E-13
IGIN = 1
THE NEXT TRY FOR PVYRDOT
9 THE VARIABLE IS
THIS COLUMN OF X =
0.0000 -3.6380E-12
B.45888-03 9,.,9725E-03
ISIN = 2
THE NEXT TRY FOR PVRDOT
9 THE VARIABLE IS
THIS COLUMK OF X =

5.8729E-01 6.0113E-01
1.08588-03 -6.2582E-03
IGIN = 3

THE NEIT TRY FOR PVRDOT
9 THE VARIABLE IS
THIS COLUMN OF X =

1.17258 01 9,8375E 00
8.72738-02 -2.9457E-02
IGIN = 4

THE NEXT TRY FOR PVRDOT
9 THE VARIABLE 1S
THIS COLUME OFP X =
7.5117E 00 6.8114E 00
4.4781E-02 -3.1347g-02
IGIN = 5
THE NEXT TRY FOR PVRDOT
9 THE VARIABLE IS
THIS COLUMN OF X =
7.66088 00 6.4536E 00
4.5156E-02 -3,1488E-02
ISIN = 0
THE NEXT TRY FOR PVRDOT

¥o. 1

-1.95298-01 -3.2118p-03
-2.3360E-02 -1.0775E-01
= 9.6865E-01

¥o. 1

-2.1079€-01 -3.8548E-03

-2,52198-02 -1.16358-01
= 9.6355E-21

¥O0. 20

B8.9617E-03 8.5175E-06
~2.6685E-15 -1.)558E-14
= 3.0010E-02

NO. 20

9.2855E-03 3.7789E-05
3.5079E-07 -1.1116E-03
= 6.0)20E-)2
NO. 20

2.31838-02 -2.9048E-04
-1.2821E-04 5.5207e-05
= 1.2866F 00

¥0. 20

&.7984E-01 -5.2927F-02

-5.82578-03 -7.3874E-03
= 8.1576E-21
NO. 20

3.0664E-01 -4.0748F-03
-3.A815E-03 -3.9566E-03
= B8.2120E-01
¥0. 20

3.0867E-01 ~%.1)22E-03
-3.7071E-03 -3.99B84E-03

= 8.2120E-21

-5.8079E-01
-7.85€1E-03

-6.26R3E-01
~-B.4B24E-03

1.4912E-02
-1.1102E-15

1.9986E-02
-1.9962E-04

2.18480E-02
~2.8370E-04

S5.4140E-01
-7.78768-03

3.3765E-01
-4.8658E-03

3.39918-01%
-4.8984E-03

-4.2135F-01
~9.1385E-03

-4.54858-01
-9.8655E-03

-5.5843E-14
7.5495F-15

-5.2849E-03
9.7371E-0F%

2.3942E-03
=2.9365E-04

4.7€02E-02
-5.9902E-03

3.2000E-02
-3.9246E-03

3.2221B-02
-3.3510E-03

~1.14058-01

-1.23158-91

-1.0658E-14

-1.1735g-03

5.6384E-75

-7.95958-03

-4,2747p-03

-4.3089¢-03

-1.088327 D0 -7.7539€-33 -1.5599£-01

-1.17258 00 -8.37748-03 -~1.692€%-01

5.58343E-14 -3,3313R-15 -3.1374E-10

7.9125%-03 -2,1439E-08 -3, 1100E-03
3.3545E-23 -3.11512=24 -1,4135€-3
2.1093E-01 -8,3029E-03 -U.T408E-N2
1.21439-91 =3.3339F-33 -2.85335-72

1.22338-01 -5.,£4118-33 -2.8775E-02



8¥T

10 THE VARIABLE IS
THIS COLUMN OP X =
0.0000 -1.81908-12
-1.26958-02 -5,2099E-03
IGIN = 1
THE NEXT TRY FOR PVRDOT
10 THE VARIABLE IS
THIS COLUMN OF X =

-2.7209E-01 2.8711E-01
-5.6660E-03 -3.8532E-03
ISIN = 2

THE NEXT TRY POR PVRDOT
10 THE VARIABLE IS
THIS COLUMN OF X =

-2.5536B-01 2.7342E-01
-5.864488-03 -3.7201E-03
ISIR = 3

THE WNEXT TRY FOR PVRDOT
10 THE VARIABLE IS
THIS COLUMN OF X =

-$.3430E 01 3.5910E 01
-7.0357E-01 -5.4429E-01
ISIN = 4

THE NEXP® TRY FOR PVRDOT
10 THE VARIABLE IS
THIS COLUMN OF X =

-4.5638E 01 3.7737E 01
-7.3901E-01 -5,7167E-01
ISIN = 0

THE NEXT TRY FOR PVRDOT
" THE VARIABLE IS
THIS COLUMN OF X =
0.0000 -1.8190E-12
1.1369E-13 1.7053E-13
IGIN = 1
THE NEXT TRY FOR PVRDOT
" THE VARIABLE IS
THIS COLUMY OF X =
0.0000 -1.8190E-12
1.1369E-13 1.7053E-13
IGIN = 2
THE NEXT TRY FOR PVRDOT
11 THE VARIABLE IS
THIS COLUMN OF X =
0.0000 ~1.8190E-12
-7.7347E-03 ~7.5829E-03
IGIN = 3
THE NEXT TRY FOR PVRDOT

NO. 5

~2.6030E-03
1.1571E-05 4,.6941E-04

= 3.0010E-02

NO. 5

-2.6338E-03 1.1297E-04
2.16218-04 2.3069E-04

= 2.8510E-02

NO. 5

-2.4997E-03 1.0823E-04
2.0747E-04 2.2638E-04

= 3.8728E 39

NO. 5

-3.3321E-0% 9,7761E-03
1.8621E-02 1.33284E-02

= 5,0637E 00

NO. 5

-3.50098-01 1.N274E-02
1.95688B-02 1.4503E-02

= 4.0597E 1

N0, 13

-3.9080B-14 -2,2204E~-16

-2.66U45E-1% -1.0558E-14

= 3.0010E-02

NO. 13

-3.9080E-14 -2.2204E-1R
-2.6645E-15 -1.0658E-18

= E.0020E-)2
NO. 13

-3.90808-14 -2,7330E-05

-1.1102E-15

-6.4521E-03
1. 1417R-09

-6.13888-03
1.0827E-08

-9.3519E-01
1.5841E-02

-9.8253E-01
1.66488-02

8,1712E-14
-1.1112E8-15

8.1712E-14
~1.1102E-15

-4.5072%-03

1.4415E-04 ~3.7263B-04 -%5.1384E-03

1.85158-04

-5,6752E-03
1.2241R-04

-5.3770E-03
1.17548-048

-7.49098-01
3.12948-03

-7.8717E-01
9.59428-n3

-5.5843€E-14
7.5495E-15

-5.5A43E-14
7.5895E-15

-5.5843E-14

-2.6645E-15 -1.3558E-14 -1.1102E-15 -3,7880F-05

= 1.2004%-01

5.01352-04

2. 4645E-04

2.4193%7-09

1.4317€-02

1.5019€-02

-1.065BE=-14

-1.06588-14

-1.0659E~-18

-1.5291e-02

~1.07458-02

-9.51578-23

-1.31033E 00

-1.3771E 90

5.53437-14

5.5343E-18

5.5943E-14

9.3429E-06

1.31)58-21%

9.58478-95

1.47358-32

1.1751E-02

-3.3913E-15

~R,38188-18

-3.3813EF-1%

-3.0326E-03

~2.2130E-23

-1.9277E-03

-2.3%153E-01

-2.5389E-01

-2.137h°7-14

-3,1074F-148

-3.1374F-14



6¥%1

1 THE VARIABLE IS
THIS COLUMN OF X =
0.0000 -1.8190B-12
-1.5156E-02 -1.4858E-02
TSIN = 4
THE NEXT TRY FOR PVRDOT
mn THE VARIABLE IS
THIS COLUMN OF X =
0.0000 -1.8190E-12
-2.9999E-02 -2.9411E-02
IGIN = 5
THE NEXT TRY FOR PVRDOT
L] THE VARIABLE IS
I'HIS COLUMN OF X =
0.0000 -3.6380E-12
-5.12378-02 -4.8551E-02
ISIN = 6
THE NEXT TRY FOR PVRDOT
1" THE VARIABLE IS
THIS COLUMN OF X =
1.0859E 00 -1.8118E-01
-1.4873E-01 -1.29€9E-01
ISIN = 7
THE WEXT TRY FOR PVRDOT
1" THE VARIABLE IS
THIS COLUMN OF X =
k.8827E 00 -1.0551E 00
-5.4821E-01 ~5.59548E-01
IGIN = 8
THE NEXT TRY FOR PVRDOT
11 THE VARIABLE IS
THIS COLUMN OF X =
5.0222E 00 -1.34772 00
-B.0837E-01 -6.98578-01
IGIN = 0
THE NEXT TRY FOR PVRDOT
12 THE VARIABLE IS
THIS COLOUMN OF X =
0.0000 -1.8190E-12
1.13698-13 1.70538-13
IGIN = 1
THE NEXT TRY FOR PVRDOT
12 THE VARIABLE IS
THIS COLUMN OF X =
0.0000 -1,8190E-12
1.1369E-13 1.7053E-13
IGIN = 2
THE NEXT TRY FOR PVRDOT

NO. 13

-3.9080B-18 -5,3552E-05
-2.6645E-15 -1,.0858E-14

= 2.4708E-01
NO. 13

~3.9080E-14% -1.0601E-04
-2.66U45E-15 -1.065BE~-14

= 4.8016E-01
NO. 13

-4.1595E-03 -1.8593E-04
3.50798-07 -1.1116E-03

= 9.6032E-21

NO. 13

-4.61428-03 -3,3352E-04
-3.2977E-0& 1.5640E-03
= 4.19728€ 00

NO. 13

-1.9953p-02 -1.5306E-03

-8.8316E-03
~1.1102E-15

-1.7481E-02
-1. 11028-15

-3.71748-02
-1.9962E-04

-6.9070E-02
-3.9927E-04

-2.9521€-0C1

-5.5843E-14
-7.4225E-05

-5.5843F-14
-1.4693FP-04

-5.2849R-03
-1.9500E~08

-1.9642F-03
-3.5880%-N4

-7.748€68-13

-1.7660E-03 6.1499E-03 -1.B968%-03 -1.61748-03

= 5.2535E 1)
§0. 13

-2.5029E-02 -1.9348E-03
-2.2584E-03 7.53u44E-03

= 5.2535E 00O
NO. 17

-3.9080E-14 -2.220LE-16
~2.6645E-15 -1.0658E-14

= 3.0010E-J2
NO. 17

-3.9080E-14 -2,2204E-15
-2.6645E-15 -1,0558E-10

= 6.0020E-02

-3.6885B~-01
-2.3838E-03

8.1712E-14
-1.1102E-15

8,17128~-14
~-1.1102E-15

~9.3868E-03
-2.38088-03

-5.6843E-14
7.5895E-15

-5.5843p-14
7.54958-15

-1.05588-18

-1.0658E-14

-1.1735e-03

1.6783F-03

6.599%8%-03

8.,08528-03

-1.0€658E-14

~1.,0659E-14

5.56843E-14 -R,33188-15%

5.53438-104 -2,33188-13

7.2125€8-03 -2,14308-08

-2.9232E-32 -3.74318-)1

-1.1573€-01 -1,7758-"3

-1.3133E-01 -2.23298-)3

5.53%3E-14 -8.38188-16

5.5343E-14 -8,33138-15

-3.19788-14

-3.1374E-14

~3.1130E-013

-5.7235E-33

~2.7393F-02

-3.43128-)2

-3.1974E-14

-3.1378E-14




0ST

12 THE VARIABLE IS
THIS COLUMN OF X =
0.0000 -1.8190E~12
1.1369E-13 -3.8457E-03
I5ZIN = 3
THE NEXT TRY FOR PVRDOT
12 THE VARIABLE IS
THIS COLUMN OF X =
0.0000 ~1.8190E~12
1.1369E-13 -7.9674E-03
IGIN = 4
THE NEXT TRY FOR PVRDOT
12 THE VARIABLE IS
THIS COLUMN OF X =
0.0000 -1,8193E-12
1.1369E-13 -1.6212E-02
ISTN = 5
THE NEXT TRY FOR PVRDOT
12 THE VARIABLE IS
THIS COLUMN OF X =
0.0000 -1.8190E-12
1.1369E-13 -3,2703E-02
IGIN = 6
THE NEXT IRY FOR PVRDOT
12 PHE VARIABLE IS
THLS COLUMN OF X =
0.0000 -1.8190E-12
1.13569E-13 -6.5695E-02
ISIN = 7
THE NEXT TRY FOR PVRDOT
12 THE VARIABLE 1S
THIS COLUMN OF X =
3.3552E-01 4,7398E-01
~7.7955E-03 -1.4507E-01
ISIN = 8
THE NEXT TRY FOR PVRDOT
12 THE VARIABLE IS
THIS COLMMN OF X =

1.51938 00 2.0168E 00
-1.7851€-02 -6.1737E-01
IGIN = 9

THE NEXT TRY FOR PVRDOT
12 T'HE VARIABLE IS
THIS COLUMN OF X =

1.8955E 00 2.0020E 00
-2.5673E-02 -6.6903E-01
IGIN = 0

THE NEXT TRY FOR PVRDOT

NO. 17
-3.9080E-14 1,039%7E-06
-2.6645E-15 ~1,.0458E-14
= 1.2%04E-01

NO. 17

-3.9080B-14 2.1541E-06
-2.66458-15 -1.0658F-14
= 2.4008E-01

NO. 17
-3.90808-14 4.3330E-06
-2.6645E-15 -1.0658E~14
= 4.8)16F-01

NO. 17

-3.9080E-14 B.8417E-06
-2.6645E-15 -1.,0558E~14
= 9.6032E-01

NO. 17

-3.9080B-14 1.77€2E-05
-2.66458-15 -1.0658E~-14
=, 1.92%6E )

N3, 17

-3.87448-08 -2.,0027%-04
-1.11088-04 5.4386R-08
= 8.2593F 00

NO. 17

7.6251B-04 -1.0128E-03
-6.16378-04 2.0306B-03
= 8.95228 20

NO. 17

-9.1089E-04 -1.0094E-03
-7.5975E-04 2.239u4E-03

= 8.9522E 00

-2.2858E-03
-1.1102E-15

-4,7358€E-03
-1.1102E-15

-9.6360E~03
-1.1102E-15

-1.9438F-02
-1. 1102E-15

-3.9049E-02
-1.11028-15

-2.48208-02
-5.7360E-05

~4.0596E-01
~2.26642-08

-4,36178-01
-3.8696E-04

-5.58038-14 -1,0553E-14
7.5895E-15

-5,5843E-14 -1.06588-14
7.5895@-15

-5.6843E-14 -1.96588-11
7.5895E-15

-5.5883E-14 -1,0658E-14
7.54958-15

-5.6843E-14 -1.0658E-14
7.5895E-15%

3.7991E-03 6.9572E-04
-2.67308-04

2.0086E-02 2.1978E-03
-1.35588-03

1.96798-02 2.89328-03
-1.3196E-03

5.58%3E-14

5.53438-14

5.53438-14

~8.38182-16 -3.1978E-11

-8.33138-15 ~3.1974E-18

~8.3818E-15 -3.1974E-14

5.58343E-11

5.5843E-14

~5.5206%-33

-5.7387E-03

-1.27428-02

~8.3313E-15 -3.1374E-14
-8.,3918E~16 -3.1974BE-14
~%.23%98~-)5 5.37)2E-)4
~3.3423E-0% 5.5663E-03
~5.1252B-2% 3.65)08-03



16T

13 THE VARIABLE IS
THIS COLUMN OF X =
0.0300 -1.,8190E-12
1.1369E-13 -3.8686E~-04
IGIN = 1
THE NEXT TRY FOR PVRDOT
13 PHE VARIABLE IS
THIS COLUMN OF X =
0.0000 -1,8193E-12
1.1369E-13 -5.8049%-04
GIN = 2
THE NEXT TRY FOR PVRDOT
13 THE VARIABLE IS
THIS COLOMN OF X =
0.0000 -1.8190E-12
1.1369E-13 -1.1510E-03
IGIN = 3
THE NEXT TRY FOR PVRDOT
13 THE VARIABLE IS
THIS COLUMN OF X =
0.0000 -1.81908-12
1.13692-13 -2.3220E-03
IGIN = 4
THE NEXT TRY FNOR PVRDOT
13 THE VARTIABLE IS
THIS COLUMN OF X =
0.0000 -1.81908-12
7.2683E-03 2.4816%8-03
IGIN = 5
THE NEXT TRY FOR PVRDOT
13 THE VARIABLE IS
THIS COLUMN OF X =
3.9247E-01 1,7515%-02
-1.6184E-02 -1.4545%-02
IGIN = 6
THE NEXT TRY FOR PVRDNT
13 THE VARIABLE IS
THIS COLIMN OF X =
1.8107E 01 -6.4604E-01
=2.4168E-21 -2,2034E-01
IGIN = 7
THE NEXT TRY POR PVRDOT
13 THE VARTABLE IS
THIS COLUMN OF X =
2.8548% 21 -8.2890E-01
-3.R983E-01 -3.5637E-0"
I3IN = 8
THE NEXT TRY FOR PVRDOT

No. 12

-3.9080B-1¢ -3,8678E~06 -5.04238-0%
~2.5645E-15 -1.0658E~14 -1.1102E-15 -1.2609E~05

= 3.0010E-02

NO. 12

-3.9080E-14 -1,33068-05 -7.56608-04
-2.66U5B-15 -1.0658F-14 -1.1102E-15

= 6.0020E-02

No. 12

~-3.9080E-14 -2,6512E-05 -1.5132F-03
-2.6645E-15 -1,0658E~18 -1.11028-15

= 1.2974E-01

NO. 12

-3.9080E-14 ~-5,3226E~-05 -3.0265E-03
-2.6615E-15 -1.0558E-18 -1.1102E~-15

= 2.400p%-01

¥o., 12

-3.90380E-14 -3,0770E-N5 -1.8176P-03
-2.REH5R-15 ~1.0558E-14 -1,.11028-15

= 4,8315E-21

NO. 12

-1,83785-03 -1,753€r-04 -7.2601E-03

-3,1541p-C4  1.27#9E-03 -2.2926E-0%
= 8.8666E 9N
No. 12

-3.NCB6E-0? -3,733NF-93 -1.9301P-01

-7.27u87-03

R,03867-02 -4.ABI1IF-N3

= 1.37538% 01

No. 12

-4,08915-72 -5 ,81318-n3 ~1,62687-01

~1.0018F-N2

4.8339FP-N2 -7,2368E-03

= 1,42838Fr M

-5.5843E-18

-5.5843F-18
=1.8919g-05

-5.65843E~-14
~3.78139E-05

-5.58438-11
=7.5678E-05

~5.58828-14
~1.1576E-04

1.480€%-C3
~1.7893F-04

3.5731E-02
-3.23318-03

5.25%91E-02
-6.7187R-03

-1.05538-14

~1.0558E-184

-1.06588-14

-1.0558E-14

-1.0658R-14

2.019%8-03

3.28398-02

5.22732-02

5.6343p-18

5.5343E-18

5.5343E-14

5.5343E-14

5.584838-14

-2.95328-02

-4.85578-01

-7.7583538-01

-8.38188-16 -3.1974E-14

-3.33132-15 -3.1374E-148

-83,3818E-16 -3.1978E-1#8

-2.,33138-15 -3.1374E-14

~8.38188-16 -3.1974E-14

-2.1343E-0% -3.3825E-03

-4,35108-33 -5.7700E~-92

-5,71338-33 -3,3125€-)2




(A

13 THE VARIABLE IS
THIS COLUMN OF X =
2.97308 21 -B,7094E-01

-4.0382E-91 -3.6915E-01
ISIN = 0
THE NEXT TRY FOR PVRDOT

14 THE VARIABLE IS

TAIS COLIUMN OF X =
0.0000 -3.63808~12

5.4629E-03 3.1605E-03

IGIN = 1

THE NEXT TRY FOR PVRDOT

14 THE VARIABLE IS

THIS COLUMN OF X =
0.0000 -3.6380E~12
3.9630F-03 -2.4956E-04
IGIN = 2
THE NEXT TRY FOR PVRDOT

14 THE VARIABLE IS

THIS COLUMN OF X =
-6.2617E~-01 -6.8938E~01
2.3057E-02 2.5627E-02
IGIN = 3

THE NEXT TRY FOR PVRDOT

14 THE VARIABLE IS

THIS COLUMN OF X =
-3.3406E 00 -3,4482E 00
1.5453E-01 1.5466E-01
IGIN = u

THE NEXT TRY FOR PVRDOT

14 THE VARIABLE IS

THLIS COLUMN OP X =
-4.7544E 00 -u4.7632E 00
2.18348E-01  2,1422E-01
IGIN = 0

THE BEXT TRY FOR PVRDOT

15 THE VARTABLE IS

THIS COLUMN OF X =
0.0000 -1.8130E-12
1.13698-13 1.7053E-13
IGIN = 1
THE NEXT TRY FOR PVRDOT

15 THE VARIABLE IS

THIS COLUMY OF X =
0.0000 -1.8190E-12

7.2173E-03 3,9439E-03

ISIN = 2

THE NEXT TRY FOR PVRDOT

NO. 12

-8.6476E-02 -6.0407E-03
-1.1374E-02 5.0338E-02

= 1.4288E 01
NO. 10

-4.15958-03 -2,5862E-04
-5.0135E-04 -1.1116E-03

= 3.0010E-02
NO. 10

-4,1595E-03 -4,0059E-04
-7.5246F-04 -1.1116E-03

= 6.0020E-02
¥O. 10

~-1.1250E-02 -5.6159E-08
-1.6906E-03 -7,2159E-03

= 2.5984E-01
NO. 10

-5.13298-02 -2.3626E-03
-7.4286E~-03 -3.4580R-02

= 3.5684E~01
NO. 10

-7.0456E-02 -3.2546E-03
-1.0229g-02 -%.7645E-02

= 3.5684F-01
NO. 4

4,05108-04 4,3128E~06
-2.66U45R~-15 ~1.355B%8-14

= 3.00108B-02
NO. 4

1.7331E-03 -3.9432E-05
2.35418-05 -2.0292E-04

= 6.0020E-32

-1.6865E~-01 5.2700r-02
-7.5181E-03 ~6.2548E-03

-9.186U4E-03 -5.2849g~03
-1.9962F-04 -2.8112E-04

-1.2589E-02 -5.2849p-03
~1.9962F-08 -4,7056E-04

-3.80068-03 -2,7031E-02
-4.85372-04 -6.3162E-04

1.584918~03 -1,24258-01
-2.2773E-03 -2.5063E-03

2.9223E-03 -1.7068E~01
-3.1374E-03 -3.5904r-03

3.0482E-03 -5.58838~14
-1.11028-15 7.5895E-15

5.7380E-03 2.2212E-03
-1.1102E-15 -5.8379r-05

5.42158-02 -3.05%08-31 -5.38138-33 -3,13548-32

-1.17358-03

-1.17358-03

-7.48358-03

-3.59678-02

-4.95638-02

-1.0658E-14

-2.1672E-08

1.55278-02 -2.183982-04

2,03338-32 -2.1499E-0%

4.7507E-02 -4.7622E-04

2.52338-01 -2.2350B-03

3.%369E-01 -3.0787E-03

5,53438-14  1.)130E-)5

9.08358-93 1.0977E-05

-3.1190E-03

=-3.1133B-03

-9.8907E-03

=3.245318-)2

-5.8224E-02

-3.1973E-14

1.3109E-03



gS1

15 THE VARIABLE IS
THIS COLUMN OF X =
0.0000 -1.8190E-12
1.3202%-02 6.6952E-03
IGIN = 3
THE NEXT TRY FOR PVRDOT
15 THE VARIABLE IS
THIS COLUMN OF X =
7.1928E-01 2.2771E-02
5,6192E-03 9.1895E-04
IGIN = 4
THE NEXT TRY FOR PVRDOT
15 THE VARIABLE IS
THIS COLUMN OF X =
6.4595E 00 -5.8194E-01
9.4424E-02 5.4532E-02
ISIN = 5
THE NEXT TRY FOR PVRDOT
15 THE VARIABLE IS
THIS COLUMN OF X =
1.1749E 01 ~-8.08%HE-01
1.2595E~01 6.8543E-02
IGIN = 0
THE NEXT TRY FOR PVRDOT
16 THE VARIABLE IS
THIS COLUMN OF X =
0,0000 -1.8190E-12
1.13698-13 1.7053E-13
ISIN = 1
THE NEXT PRY FNR PVRDOT
16 THE VARIABLE IS
THIS COLUMN OF X =
0.0000 -1.8190E-12
1.1369E-13 1.70538-13
IGIN = 2
THE NEXT TRY FOR PVRDOT
16 THE VARIABLE IS
THIS COLUMN OF X =
0,0000 -1.8190E-12
1.1369E-13 1.7053E-13
GIN = 3
THE NEXT TRY FOR EVRDOT
16 THE VARIABLE IS
THIS COLUMN OF X =
0.0000 -1.8190E-12
1.,1369E-13 1.7053E-13
ISIN = y
THE NEXT TRY FOR PVRDOT

NO. 4

3.4516E~-03
2.71408-05

-3.0159%E-05
-~4.04998-04

= 1.2004E-01
NO. 4

-2.4320E-04
-1.8868E-04

2.32928-03
-2.5950E-04

= 1.1332E )
NO. 4

2.0431E-02
-3.1400E-"3

-2.3006E-03
~3.4463E-03

= 1.8393E 00
NO. 4

3.5883E-02
-5.0577E-03

-3.7814E-03
-5.7793E-03

= 1.8393E 3D
NO, 16

-3.9080E-14 5.50808-07

-2.66458-15 -1.)558E-14
= 3.0010E-02

NO. 16

-3.9080E-14 3.26u78-07
-2,6645E-15 ~1.06588-14
= 6.0320E~02

NO. 16

-3.90808-14 1.65298-06
-2.66458-15 -1.7558E-14
= 1.2004E-01

NO. 16

-3.9080B-14 3.3059E-06

-2.6645F-15 -1.0658E-14

= 2.4008E-21

1.0778E-02
-1.1102E-15

1.19862-02
-3.44772-04

1.3963E-01
-3.5743E-03

2.28378-01
-6,0082%-03

-1.87228-08
-1.1102E~15

-2.8093E-04
-1.1102E-15

-5.61858-04
-1. 1102E-15

-1.12378-03
-1.1102E-15

4.433338-03 -n,.32583-0%
-1.3157E-04

6.9162E-03 -2.0021g-08
-2.3794E-04

£.7292E-02 -4.7452€-03
-2.1800E-03

1.0619g-01 -6.12538-03
-3.54758-03

-5.5843p-14 -1,0658E-14
7.5895E-15

-5.6843E-14 -1,06588-14
7.5495R-15

-5.68438-18 -1,0658E-18
7.5495E~-15

-5.5843E-14 -1.0R58E-183
7.54958-15

1.56658-02

1.32098-02

1.759%E-01

2.5083E-01

5.5833EB-14

5.58%3E-10

5.5933E-11

5.5343E-14

2.19728-05

-3.34792-04

=-3.17308-33

-5.32312-03

-8.33188-15

-8,3818E-16

~3.33188-15

~-8.38188-16

2,61658-03

5.3631E-04

3.32378-03

5.1838E-03

-3.13788E-14

-3,1978E-1%

-3.1978E-18

-3.1978E-12




ye1

16 THE VARIABLE IS
TRIS COLOMNW OF X =
0.0000 -1.8190E-12
1.1369E-13 4.5914E-03
IGIN =
THE NBXT TRY FOR PYRDOT
16 THE VARIABLE IS
THIS COLUMN OF X =
0.0000 -1.8190E-12
1.1369E-13 8.9063E-03
IGIN = 6
THE NEXT TRY FOR PVRDOT
16 THE VARIABLE IS
THIS COLUMN OF X =

3.0830E-01 3.5610E-01
-7.2489E-03 6.6445E-03
IGIN = 7

THE NEXT TRY FOR PVRDOT
16 THE VARIABLE IS
THIS COLUMN OF X =

4.3807E 00 4&4.7079E 00
-5.6371e-02 1.3582E-01
ISIN = 8

THE NEXT TRY FOR PVRDOT
16 IHE VARIABLE IS
THIS COLUMN OF X =

7.2121E 00 7.77678 00
-9.0033B-02 2.2739E-01
IGIN = 0

THE NEXT TRY FOR PVRDOT

NO. 16

-3.90808-14
-2.6645E-15

= 4,8016E-

NO. 16

-3.3080E-14
-2.6645B-15

= 9.6)32E-

N0. 16

-3.9782E-04
-7.4486E-05

= 1.43U5E
NO. 16

-6.1342E-04
-1.91848-03

= 2.3735E
NO. 16

-8.6033E-0h
-3.2342E-03

= 2.3785E

5.3704E-06
-1.0658E-18

01
1.0316E-05
-1.06588~14
01
-1.4345e-04
5.5387E-04
01
-2.5272E-03
5.1781E-03
01
-3.21198-03
3.3327e-03

01

4.,81612-04 -5.6843F-14
-1.11028-15 7.54958~15
7.9900E-04 -5.6843E-11
-1.1102B~15 7.5495E~1S
~1.1121g-02 2.5153E-03
~3.9586E-05 ~1.8619E-04
-1.4436E-01 4.8178E-C2
-8.6925E-04 -3,2296E-03
-2,3882E-01 7.9947E-02

-1.,4523E~-03 ~5.3824E-03

-1.06588-14

-1.0658E-14

5.9942E-24

5.6139g2-03

9.04€61E~03

5.6943E-1k -9.3913€-15 -3, 19T7LE-14

5.5843E-14 -8,3818E-16 -3,1974F~-11

~5.85358-03 -5.53)1E-)5

-2.5283F~-02 -1.2350E~03

=3.91328-02 -2.353%E-)3

3.1574E-08

1.0124F=02

1.72)18=92



GG1

Y INVERSE
1.27848-02
3.7238E-04
AINY =
-3.0361E-01
9.0641E-03
9.5122E-02
-2.4953p-03
2.4067€-02
2.3038E-04
9.8543E 00
-8.83308-02
5.7015E-02
-6.0880E-04
3.5922E-01
-1.3470E-02
-1.7685E 00
1.0314E-01
-3.6525E-02
-1.3507E-03
3.3066E 00
1.9491E-02
-3.93338-02
-1.43048-03
2.8448E-03
-3.7997E-04
5.3301E-04
~B.5734E-0€
3.5719F-01
-4.9875E-03
-5.5675E-01
2.5099E-02
2.1319% 00
2.2853E-02
1.1280E-01
-1.4081E-03

5.2152E-03
3.3395E-04

-1.2767E-01
8.7402E-03
-1.0299E-01
-2.6258E-03
2.4475E-02
1.0873E-0€
1.0060E 01
-2.2562E-01
5.7822E-02
-1.3630E-03
1.2309E-01
-1.2703E-02
-1.3579E 00
9.8943E-02
-2.7554E-02
-1.0125E-03
2.7855E 00
-1.3591E-02
7.3039E-02
-1.1065E-03
-6.3663E-04
-3.2999E-04
6.6855E-04
-2,2342E-08
-1.0757E-02
-4,5593E-03
-5.5779E-01
2.5085E-02
-1.4672E-01
1.1712E-02
1.21€63E-01
3.5564E-03

4.4875E-02
1.2351E-02

-1.3682E-03
-2.02728-04
-8.5334E-04
-4.08578-05
-1.2003E-02
-4.4543E-06
-1.4693E-02
-4.2708E-03
-9.1418E-05
-2.2730E-05

1.1015E-03

1.9601E- 08
-1.3803E-02
-2. 1542E-03
-3.7105g-04
-4.4391E-05

1.3323r-01
-1.5001E-03
-6.7760E-04

3.7873E-05
-1.1823€-0¢%
~-1.06U49E-06
-3.08198-07
-2.5372E-07
-5.7402E-04
-1.4048E-04
-8.2506E-03
-1.19788-03
6.5111E-03
-9.1774E-C4
-1.3456E-05
-5.0583E-05

1.2138E 00
1.1710E-01

-4.9360E-05
-9.4552E-04
~3.5200E-05
6.7NBEE-05
-1.3310E-05
-1.5491E-05
-5.1949E-03
8.4553E-03
-3.830428-05
5.3773E-05
3.73484E-05
9.1192E-04
-5.1475E-04
-9,7930E-03
-1.5504E-05
-2.0480E-04
~1.7706E-03
-1.7258E-03
1.9886E-05
2.8070E-05
-9.1399E-07
3.5591E-06
-3,3709E-07
7.6788E-07
-7.4508E-05
6.2172E-04
-3.8112E-04
-5.5794F-03
-5.8616E-00
-1.7487E-03
-6.5875E-05
1.3232E-08

2.7403E-02
1.8145E-01

1.6744E-03
-3.7131E-05

3.9588E-04
-6.3368E-05
-5.7922E-03
-1.7226E-05
-3.81N06E~-02
-2.7753E-03
-1.3910E-02
-1.5490E-05
-3.6619E-03

2.13458-05

2.1270E-02
-3.7944E-04
-1.1031F-03
-1.4931E-05

1.8672E-01
~-2.1143g-03
-1.90178-03

3.2223E-05
-1.7428E8-0%
-1.1261E-06
-1.U566E-08
-1.2923E-07
-2.083)E-03
~-9,2856E-05

3.4221E-08
-3.6740E-08

4,1439g-02
-1.n7902F-03
-3.7351E-03
-2.2714%-05

5.4851E-03
1.5640E-02

-2.61408-03
-5.5965E-05
-9.5795r-04
-3.2366E-0°%
1.9311E-05
-1.0021E-05
9.3286E-02
-6.7390E-03
5.1855E-04
-3.7353F-05
~-2.3508E-03
4.5445E-05
-1.7023E-02
~5.9570R-0U
-8.0066F-04
=1.7366E-05
1.3907E-02
-1.7054E-03
-1.523€8-03
1.8570F-05
-4.3153E-0¢€
-9.,6802E-07
6.5718E-06
-4.40688-07
6.5090E-04
-7.7253E~-05
-1.9987E-02
-4.2045%-08
1.3268E-02
-6.4372E~04
1.2504E-03
-8.9181E-05

2,03028-01

-1.0183E-03
7.08R0R-N5
-1.70€3g-05
3.13538-03
5.833)E-05
9.7730e-04
-1.055%E-02
-2.187732-08
-1.85338-03
2,90538-05
3.8193R-05
8.32598-07
6.69F1E-04
-5.8333e-03
-1.1115g-03

1.3143E-08

1.7503E-03

1.2731E-32
-2.3239g-03
5.03508-24
-1.5155E8-02
-2.09118-04
-1.93798-02
1.433%18-01
-2.0539e-03
5,2804E-02
-2.6553E-03
-5.7023E-05
-8.2551E-0€
-3.3%3798-03
4.0950R-02
4.,55238-02

-5.9733E-04

8.3163E-)1

-3.38)5E-05
-5.5239€-35
~2.21058-05
-3.,5138E-03
-2.)2558-05

2.34908-05
-3.38%0E-)%
~1.37868-05
-2.43508-03

2,8551®-05
~1.3584%8-35
-1.3119E<-27
-8.352228-35
-3.60538-04
-9.5531e-08

-3.21338-)5

1.9355E-03

-3.5358E-)14
-1.1321e-03
-1.2608E-04
1.1657e-02
5.68288-35
7.8958E-04
-3.8343g-33
-2.9617E-04
-1.28208-02
-8.9131e2-04
-1.5209E-)5
1.2139E-26
-1.1297E-03
-6.8182p-03
1.1221g-03

2.65398-08




96T

A=

-5.0565E 00 -3,0710E-02 -2.3468E-01
8.3973E-02 -5.7299E-02 -3.4526E 03

2.3346F-02
3.5671E 01
1.0294e-02
2.1929E-02
-2.9561E-048
-5.4018E-4
5,0849E-03
7.3962E-02
1.1725E 0¢C
7.1633€-01
6.6468E-01
-1.0932E-03
2.2990E-01
2.3863E-01
7.7888E-04
%.0396E-04
1.2889E-01
1.0101E-01
-3.9575€ 00
-3.0769% 03
=2.2171E-01
3.7857E 03
-8.,0010E-02
3.3646E 00
3.2134E-02
-1.7387E-02
-3.5033E-03
3.2289p-03
-9.6309E-03
-6.6185E 00
C =
-6.4699E-07
-8.7537E-07
1.1987E-02
4.8001E-02
1.1387E-02
4.80018-02

-4.8023E 00
-4,3288E-02
1.6695F-02
8.1418E-01
-8.3654E-084
-2.7182E-01
7.9130E-03
3.6321E 01
-2.0090E-01
4.1844E-02
-3.56682E-03
4,6000E-04
-7.2786E-02
-3.5829E-01
1.1386E-03
6.05428-02
9.5445E 00
1.12908-01
1.9362E 01
2.1250E 00
-1.6654E 01
-4.0282E 03
9.6115E-01
7.1001E-02
-1.81428-02
-2.7973E-03
4.7999E-01
-2.6589E-03
-6.5289E-01
2.55258 01

-2.0282E-06
9.5610E-08
4.643BE-02

-5.6520E-03
4.6434E-02

-5.65208-03

3.0603E 00
1.12228 04
-7.55828 01
3.5630E 01
-4,1383E-02
-7.5532E-01
4.9072E 01
4.37658 01
6.23558-01
1.21368 02
3.8230E-03
9.8476E-02
-2.37028 00
2.43798 01
6.28878-01
2.50448 OO
1.1839E 00
-2.97188 02
-3.8123F 01
-8.5180F 04
-5.2295R 22
7.17298 0&
-2.4339€ 00
-6.8456E 03
~-3.5590E-02
3.5362E 01
-3.0807E-02
8.2812E 00
-1.5944p 01
4.6u438 03

6.8625E-05
-1.92508-03
-1.2509€ 00
3.6014E 01
-1.2509g 00
3.6014F 01

3.9335€ 01
4.5147€ 02
-~2.2886E 02
5.3972E 02
1.2153E 04
-2.3794E 02
-1.72232E 03
-3.82228 CO
-4.6135E Ny
5.1096E 01
5.1426% 02
3.5777E 03
5.9720E 00
3.0318E 03
-3.7355E 02
3.29698 04
7.55008 02
1.28482 01
-1.47138 02
1.5921€ 04
1.5228EF 03
5.2546% 04
2.3339E 06
5.3549E 03
1.43228 02
-8.3737E 02
5. 1426E-01
-5.5485E 03
5.1570F 00
9.6%04E 02
8.73798 04
-1.0187E 02

~3.4260E-01
-6.8742E-03
8.01958 03
1.6665E 02
8.0195E 03
1.6665E 02

-£.3391E-01
-1.4176F 08
-3.1802E-02
-1.3135E 03
2.2164E-D1
1.61€8E 08
4.1008E-01
-9.0175E 0D
-7.30458 01
2,34098% 02
-4.8913E-02
1.3736E 03
-2.2888E-03
1.6012E 03
4.5040B-02
1.4294E 03
1.6265E-02
1.4551E 03
6.3233E-01
~6.4339F 04
8.1694E 00
1.8233E OB
-1.1979% 01
-6.6U422E 04
1.5497E-01
2.038€E 03
1.6311E-02
2.3932E 02
-2.11478-02
~-6.0850E 03
-3.7206E-01
-2.1588E 03

6.5684E-06
-7.92988-03
-7.7002E-02
6.3557E 01
-7.70028-02
6.3557% 01

-2,5087% 02
4,3767E 00
-7.0817E-C1
-1.6550E 04
2.34398 00
-2.7766E 03
8.3963E-03
7.8874E 02
3.5386E-01
3.9300F 04
-1.6955E 02
-8.0841E 02
7.32058 00
-6.1656E 00
3.71878 02
9.32268 02
~7.4871F-02
=2.0622E 02
1.9940E 01
6.9841F 00
-7.7309e 01
1.2376E 05
1.0143E 02
-2.3873% 06
-7.9874E 00
6.8357E 03
~1.1417F 01
-9.6110E-01
3.1878% 00
-2.48898 00
1.5765E 00
-7.7551E 04

2.3009E-05
1. 15988-02
-5.92158-01
-2.0253% 02
-5.9215E-01
-2.0253E 02

2,03815 03
-5.2383¢ 02
2. 48008 N2
3.27BRE 09
-5,943%3E 01
~-8,0099E 33
-3.04728 03
~-3.47928 N4
-1.2383E O
-1.5712E 04
-%.3532E 04
-%.81688 03
1.61098 03
5.2277F 03
-9,65458 02

8.2207E 01

6.6218E~-03
-1.60558 02

-1.63558 )2

2.75278 01
6.59728-01
1.91538-01
-5.3816E-03
5.0753E-02
3.2409E 00
2.5755E-02
-2.5139¢ 02
1.4297@-02
1.8281F 00
1.9189%€ 03
1.95718 00
-1.21318 1
4.9554% 00
-5.12378-02

3.36148-02

-2.1431E-05
2.8252E-01

2.32528-01

-5.35438 31
3.13518 33
=2.3977E D4
3.57458 02
3.32018 33
~1.34378 33
-3.2135E 01
-1.27098 013
-2.33%08 03
7.2239E 08
-2.33358 0%
-4.20%308 J5
~2.22%2E 13
-2,17638 02
5.37898 03

-1.22118 )8

2.2735B-02
-3.174888 92

-3.17488 02

5.3342€ )2
-5.0231E 02
7. 0109E 01
3.16308~02
-2.7018E 00
2.6140F )2
-4.6793E 01
3.57578 10
-9.2605E-01
-7.8616F 02
7.52048 02
-3.23258 91
1. 1273E 01
-1.8499fF 00
3.29058 00

-4.15328 50

3.1351E-05
-1.16738 00

-1.1573E 00




1GT

ourpuT

MIDDLE SPOJL IS DUMMY

NO AIRPLIW INTO WING

AM= 0.030

THE JUTPUT IS IN ENGLISH UNITS

PCNP
0.102552E 03

PCHRC
0.118482E 03

T2
0.5186708 03

PCBLF
0.000000

PCBLHP
0.7260008 00

WA3
0.1153158 23

TFPFPHP
0.439981E 02

TFFLP
0.130079E 03

PCBLDO
0.208000E 00

WAD
0.8843838 02

ETAF
0.847718E 00

T6
0.11910E 04

T7
0.141310€ J4

Ps8
0.138387€ 01

PS28
0.003300

BYPASS
0.6054C3E 0O

CVMNOZ
0.9494008 00

MAIN SONIC CONVERGENT NOZZLE

CONVERGED AFTER

9 LOOPS

ALTP=

CNF
0.102551E 01

CNC
0.988871E 00

P2
0.1000008 01

BLF
0.000000

SLHP
0.1608478 02

WFB
7.277750E 01

CNHP
0.2002418 01

ZNLP
0.230199E 01

BLDU
0.460828E 01

WFD
0.000000

FTAC
0.313972¢ 00

1 4]
3.272325E 01

WFA
0.000000

aM8
7.1000N0E 01

1428
0.000000

HPEXT
0.000000C

vay
N.159259% Q4

FG= 13536.00

0. T4= 2900,59
ZF PRF
0.834571E 00 0.300924E 01
zC PRC
0.814720E 00 0.8u488528 01
T21 P21
0.744583E 03 0.300924E 31
PCBLC BLC
0.1560000E 70 0.2215528 02
PCBLLP BLLP
0.660000E-01 0.186224E 01
LLe1] FARG
0.119292E 23 0.2387938-01
DATCHP DHTC
0.734520B-01 0.2130888 03
DHTTLP DATF
0.223525E-01 1.833510E 22
T24 P21
0.733340E 03 0.293318E 01
WG24 FAR24
0.884393E 02 0.000000
ETATHP ETATLP
0.871273E 00 0.902172E 00
Psé ANG
0.262221E 21 0.243037e 00
WG7 FAR7
0.225077E 03 0.1289448-01
v3 PS9
0.167738F 94 0.1383878 01
V28 PS29
0.000000 0.000990)
WFT R3T
0.277750E 91 0.2250778 03
CVDNIZ vJip
0.000300 0.0023032

FN= 13535,00

WAPZ
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